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 :KROH%UDLQ $129$ DV D IDFWRU RI 4XDUWHU RI /HDUQLQJ 7DVN >9R[HOZLVH S
 @                                        
L[
/,67 2) ),*85(6
 :KDW LV /HDUQHG LQ 6LPSOH 5HLQIRUFHPHQW /HDUQLQJ 5/ 3UREOHP ,Q WKLV
SUREOHP WKHUH LV D JRDO VWDWH LQ WKH XSSHUOHIW RI WKH PD]H $ ³UHLQIRUFHPHQW IXQF
WLRQ´ LV GHILQHG VR WKDW WKH DJHQW UHFHLYHG D  LH QHJDWLYH UHLQIRUFHPHQW IRU
HYHU\ PRYHPHQW LQ WKH PD]H 7KH DJHQW LV FRQILJXUHG WR VHOHFW DFWLRQV OHDGLQJ WR
KLJK UHZDUGV 5/ HTXDWLRQV RQ WKH OHIW GHILQH WKH YDOXH IXQFWLRQ DV WKH VXP RI FX
PXODWLYH H[SHFWHG UHZDUGV 'LIIHUHQFHV EHWZHHQ VXFFHVVLYH UHZDUG SUHGLFWLRQV
DUH XVHG WR OHDUQ IURP H[SHULHQFH ,Q WKLV FDVH H[SHULHQFH LV REWDLQHG WKURXJK
³WUDMHFWRU\ VDPSOLQJ´ LQ ZKLFK D VLPXODWHG DJHQW EHJLQV DW VRPH VWDWH LQ WKH VWDWH
VSDFH DQG VHOHFWV HLWKHU WKH EHVW DFWLRQ RU ZLWK VRPH VPDOO SUREDELOLW\ D UDQGRP
H[SORUDWRU\ DFWLRQ $Q H[DPSOH WUDMHFWRU\ LV VKRZQ LQ WKH FHQWHUWRS SDQHO )RU
VLPSOLFLW\ LQ WKLV H[DPSOH WKLV H[DFW WUDMHFWRU\ ZLOO EH VHOHFWHG RQ WKUHH VXEVH
TXHQW WULDOV $IWHU D VXIILFLHQW QXPEHU RI WUDMHFWRULHV WKURXJK WKH VWDWH VSDFH D
YDOXH IXQFWLRQ OLNH WKH RQH GLVSOD\HG DW WKH ERWWRP ULJKW KDV EHHQ OHDUQHG DQG WKH
5/ SUREOHP LV ³VROYHG´ 7KH DJHQW FDQ IROORZ DQ RSWLPDO SDWK WR WKH JRDO VWDWH
IURP DQ\ SRLQW LQ WKH VWDWH VSDFH E\ VLPSO\ VHOHFWLQJ DFWLRQV WKDW OHDG WR WKH QH[W
EHVW VWDWH LH E\ VHOHFWLQJ WKH VWDWH WKDW UHVXOWV LQ WKH ODVW DPRXQW RI SUHGLFWHG
SXQLVKPHQW                                      
[
 $Q LOOXVWUDWLRQ RI WKH PRGHOEDVHG DQDO\VLV DSSURDFK XVHG WR DQDO\]H I05,
GDWD LQ WKLV GLVVHUWDWLRQ 7KLV PHWKRG DOORZV QXPHULFDO SUHGLFWLRQV IURP WKH
LQWHUQDO YDULDEOHV LQ FRPSXWDWLRQDO PRGHOV WR EH XVHG WR PDNH SUHGLFWLRQV DERXW
QHXURQDO DFWLYLW\ LQ KXPDQ SDUWLFLSDQWV 7KH VWDUWLQJ SRLQW LV KXPDQ EHKDYLRU LQ
WKH XSSHUULJKW FRUQHU :H LPSOHPHQW D 5/ DJHQW WKDW JHQHUDWHV VLPXODWHG EH
KDYLRU :H DUH DEOH WR PD[LPL]H WKH ILW RI WKH 5/ DJHQWV¶ EHKDYLRU WR WKH KXPDQ
SDUWLFLSDQWV¶ EHKDYLRU E\ FKDQJLQJ WKH OHDUQLQJ UDWH SDUDPHWHU λ LQ WKH VHFRQG
HTXDWLRQ 2QFH WKLV ILW LV PD[LPL]HG D UHJUHVVRU IRU DFWLRQVSHFLILF UHZDUG SUH
GLFWLRQ HUURU FDQ EH JHQHUDWHG IURP WKH LQWHUYDO YDULDEOH LQ WKH PRGHO IRU UHZDUG
SUHGLFWLRQ HUURU δ LQ WKH WKLUG HTXDWLRQ 6HH WKH WH[W RQ SDJH  IRU PRUH GLV
FXVVLRQ                                        
 *UDSKLFDO 5HSUHVHQWDWLRQ RI WKH 0XOWLPRGDO 5HLQIRUFHPHQW /HDUQLQJ ([
SHULPHQW 7KLV ILJXUH LOOXVWUDWHV H[SHULPHQW SURFHGXUH XVHG LQ HDFK WULDO RI WKH
EHKDYLRUDO DQG I05, H[SHULPHQWV 7LPH SURFHHGV IURP WKH OHIW WR WKH ULJKW RI WKH
ILJXUH 'HWDLOV RI WKH GLVSOD\ SDUDPHWHUV DQG WLPLQJ DUH LQFOXGHG LQ WKH WH[W 1RWH
WKDW DFWLRQ W\SH ZDV EORFNHG VR WKDW GXULQJ HDFK H[SHULPHQWDO UXQ SDUWLFLSDQWV
SHUIRUPHG RQO\ D VLQJOH W\SH RI DFWLRQ HJ D VHULHV RI H\H PRYHPHQWV LQ RQH
RI IRXU GLUHFWLRQV GHSHQGLQJ RQ WKH VWLPXOXV FRORU HJ UHG >VKRZQ KHUH@ JUHHQ
EOXH SXUSOH 7KHUH ZHUH EUHDNV EHWZHHQ UXQV RI HDFK W\SH RI DFWLRQ %HKDYLRUDO
([SHULPHQW  XVHG H\H PRYHPHQWV GXULQJ RQH UXQ DQG FRYHUW DWWHQWLRQ VKLIWV GXU
LQJ WKH RWKHU UXQ %HKDYLRUDO ([SHULPHQW  XVHG H\H PRYHPHQWV GXULQJ RQH UXQ
DQG KDQG PRYHPHQWV GXULQJ WKH RWKHU UXQ 7KH I05, H[SHULPHQW XVHG DOO WKUHH
W\SHV RI DFWLRQ                                    
[L
 &RRUGLQDWHV RI WKH SHDNV RI ODUJHVW DQG PRVW VLJQLILFDQW FOXVWHUV FRUUHODWLQJ
WR SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU DQG PRYHPHQW UHJUHVVRUV
LQ WKH VWULDWXP *HQHUDOO\ WKH SDWWHUQ RI DFWLYLW\ VXSSRUWV WKH K\SRWKHVLV WKDW
UHZDUGSUHGLFWLRQ HUURUV IRU SDUWLFXODU DFWLRQV DUH FRPSXWHG LQ VWULDWDO UHJLRQV WR
ZKLFK QHRFRUWLFDO UHJLRQV FRQWUROOLQJ WKRVH DFWLRQV SURMHFW 3UHGLFWHG DFWLYDWLRQV
DUH LQGLFDWHG E\ DQ DVWHULVN  $OWKRXJK UHZDUG UHJLRQV DUH VLPLODU WR WKRVH
LQYROYHG LQ PRYHPHQWV SRVLWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDOV ZHUH JHQHUDOO\
PRUH GRUVDO FRPSDUHG WR WKH PRYHPHQWUHODWHG VLJQDOV ,QWHUHVWLQJO\ WKH DQWHULRU
FDXGDWH ZDV LQYROYHG LQ SRVLWLYH UHLQIRUFHPHQW RI KDQG PRYHPHQW VXJJHVWLQJ
WKDW VRPH DVSHFW RI FRYHUW DWWHQWLRQ DOWKRXJK QRW QHFHVVDULO\ D FRYHUW DWWHQWLRQ
PRYHPHQW ZDV UHLQIRUFHG 7KLV PD\ FRUUHVSRQG WR UHLQIRUFLQJ WKH PDLQWHQDQFH
RI FRYHUW DWWHQWLRQ DQG IL[DWLRQ WR WKH FHQWHU RI WKH VFUHHQ GXULQJ WKH VFUROOLQJ
PRWLRQ WKDW UHVXOWV IURP WKH KDQGPRYHPHQW &RRUGLQDWHV DUHZLWK UHIHUHQFH WR WKH
7DODLUDFK7RXUQDX[ DWODV $EEUHYLDWLRQV 53( UHZDUGSUHGLFWLRQ HUURU 1RWH
 7KH WZR 52,V DUH OLNHO\ D VLQJOH FDXGDWH 52, FHQWHUHG LQ WKH ZKLWH PDWWHU
EHWZHHQ WKH SXWDPHQ DQG WKH FDXGDWH )HHNHV DQG &DVVHOO           
 %HKDYLRUDO 3HUIRUPDQFH RI 3DUWLFLSDQWV DV WKH\/HDUQ(\H0RYHPHQWV &RYHUW
$WWHQWLRQ 6KLIWV DQG +DQG 0RYHPHQWV 7KH IROORZLQJ WZR SORWV VKRZ SDUWLF
LSDQWV OHDUQLQJ WR SHUIRUP WKH GLIIHUHQW DFWLRQV GXULQJ WKH H[SHULPHQW (DFK EDU
UHSUHVHQWV WKH DYHUDJH QXPEHU RI WULDOV UHZDUGHG DFURVV SDUWLFLSDQWV IRU ILYH WULDO
ELQV &KDQFH SHUIRUPDQFH LV  WKHRUHWLFDO RSWLPDO SHUIRUPDQFH LQ WKLV WDVN LV
 LQGLFDWHG RQ WKH [D[LV EHFDXVH UHZDUGHG DQG XQUHZDUGHG GLUHFWLRQV ZHUH
VWRFKDVWLFDOO\ LQYHUWHG GXULQJ  RI WKH WULDOV                   
 3RZHU/DZ&XUYH )LWV WR 3RROHG %HKDYLRUDO 3HUIRUPDQFH'DWD 'DWD IURP WKH
ILUVW DQG VHFRQG KDOYHV RI HDFK EHKDYLRUDO H[SHULPHQW ZHUH SRROHG DQG D SRZHU
ODZ FXUYH ZDV ILW WR WKH SHUFHQW FRUUHFW 7KH ILWWHG FXUYH LV SORWWHG LQ VROLG DQG
 FRQILGHQFH EDQGV DUH SORWWHG LQ GRWWHG OLQHV 1RWH WKDW WKH FXUYHV DUH YHU\
FORVH WR HDFK RWKHU DQG WKH FRQILGHQFH EDQGV RYHUODS 5HIHU WR WKH WH[W IRU WKH
FXUYH SDUDPHWHUV DQG WKHLU FRQILGHQFH LQWHUYDOV                   
[LL
 6WULDWDO 5HJLRQV &RUUHODWLQJ 3RVLWLYHO\ ZLWK 3RVLWLYH 5HZDUG3UHGLFWLRQ (U
URUZKLOH5HLQIRUFLQJ+DQG0RYHPHQWV 6DFFDGLF (\H0RYHPHQWV DQG&RYHUW
$WWHQWLRQ 6KLIWV 3DQHOV $% VKRZ D UHJLRQ LQ WKH OHIW SXWDPHQ WKDW FRUUHODWHG
ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZKLOH KDQG PRYHPHQWV ZHUH EHLQJ UHLQ
IRUFHG 3DQHOV &' VKRZ ELODWHUDO UHJLRQV LQ WKH DQWHULRU FDXGDWH WKDW FRUUHODWHG
ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZKLOH VDFFDGLF H\H PRYHPHQWV ZHUH EHLQJ
UHLQIRUFHG 3DQHOV () VKRZ ELODWHUDO UHJLRQV LQ WKH DQWHULRU FDXGDWH WKDW FRU
UHODWHG ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZKLOH FRYHUW DWWHQWLRQ VKLIWV ZHUH
EULQJ UHLQIRUFHG 6HH 7DEOH  IRU FRPSOHWH OLVW RI VWULDWDO UHJLRQV FRUUHODWLQJ ZLWK
UHZDUGSUHGLFWLRQ HUURU DQG PRYHPHQW HYHQWV                    
 6WULDWDO UHJLRQV FRUUHODWLQJ ZLWK QHJDWLYH UHZDUG SUHGLFWLRQ HUURU 5HJLRQV
FRUUHODWLQJ ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU ZHUH JHQHUDOO\ VPDOOHU OHVV VWD
WLVWLFDOO\ VLJQLILFDQW DQG PRUH GLIIXVH FRPSDUHG WR UHJLRQV FRUUHODWLQJ ZLWK SRV
LWLYH UHZDUGSUHGLFWLRQ HUURU 3DQHOV $% RQ WKH OHIW VKRZ ELODWHUDO UHJLRQV LQ WKH
SXWDPHQ WKDW FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU ZKLOH KDQG PRYH
PHQWV ZHUH EHLQJ UHLQIRUFHG QRWH WKDW WKH FRUUHODWLRQ ZDV QHJDWLYH 3DQHOV
&' VKRZ UHJLRQV RI WKH DQWHULRU FDXGDWH WKDW FRUUHODWHG ZLWK QHJDWLYH UHZDUG
SUHGLFWLRQ HUURU ZKLOH VDFFDGHV ZHUH EHLQJ UHLQIRUFHG 3DQHOV () VKRZ WKH UH
JLRQ LQ WKH DQWHULRU FDXGDWH WKDW FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU
ZKHQ FRYHUW DWWHQWLRQ VKLIWV ZHUH EHLQJ UHLQIRUFHG                  
 6WULDWDO 5HJLRQV &RUUHODWLQJ 3RVLWLYHO\ ZLWK0RYHPHQWV IRU $WWHQWLRQ 6KLIWV
6DFFDGHV DQG +DQG0RYHPHQWV 7KHVH ILJXUHV VKRZ GDWD IURP WKH &21752/
UXQV RI WKH H[SHULPHQW RQO\ GXULQJ ZKLFK QR UHZDUG ZDV SUHVHQW 3DQHOV $%
VKRZ WKH VWULDWDO UHJLRQ OHIW SXWDPHQ WKDW FRUUHODWHG ZLWK ULJKW KDQG PRYHPHQWV
3DQHOV &' VKRZ UHJLRQV RI WKH VWULDWXP DQWHULRU SXWDPHQ WKDW FRUUHODWHG ZLWK
VDFFDGLF H\H PRYHPHQWV 3DQHOV () VKRZ UHJLRQV RI WKH VWULDWXP DQWHULRU VWULD
WXP GRUVDO FDXGDWH WKDW FRUUHODWHG ZLWK DWWHQWLRQ VKLIWV               
[LLL
 3UHIURQWDO &RUWH[ $FWLYLW\ 'HFUHDVHV ZLWK 5HLQIRUFHPHQW 7KLV ILJXUH VKRZV
WKH SHDNV RI WKH UHJLRQV UHVXOWLQJ IURP DQ $129$ WR ZKLFK WKH PHDQV RI HDFK
TXDUWHU RI HDFK OHDUQLQJ UXQ KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQ
WLRQ VKLIWV ZHUH VXEPLWWHG 7KH LPDJH LV WKUHVKROGHG DW S   DQG FRUUHFWHG
IRU PXOWLSOH FRPSDULVRQV DW S   7KH UHJLRQV DUH $ GRUVDOPHGLDO SUH
IURQWDO FRUWH[ %$ SHDN DW PP PP PP >)  @ %$ SHDN
DW PP PP PP QRW VKRZQ >)  @ &' WKH DQWHULRU FLQJXODWH
FRUWH[ SHDN DW PP PP PP >)  @ DQG () WKH ULJKW PLGGOH
WHPSRUDO J\UXV SHDN DW PP PP PP >)  @          
 'LDJUDP RI SURSRVHG IUDPHZRUN 6SDUVH FRUWLFRFRUWLFDO FRQQHFWLYLW\ DOORZV
JRDO IURP WKH OHIW DQGRU VHQVRU\ IURP WKH ULJKW LQIRUPDWLRQ WR SURSRJDWH WKURXJK
QHRFRUWH[ +RZHYHU EHFDXVH WKLV FRQQHFWLYLW\ LV YHU\ VSDUVH LW LV DVVXPHG WKDW
LQ PDQ\ FDVHV WKLV DIIHUHQW DFWLYLW\ LV QRW VXIILFLHQW WR LQLWLDWH DFWLRQ LH QRW VXI
ILFLHQW VWURQJ RU WHPSRUDOO\ FRRUGLQDWHG WR UHOLDEO\ GHSRODUL]H WKH GHVLUHG TXDQ
WLW\ RI QHXURQV 6RPH VXEVHW RI WKH GHVLUHG FRQILJXUDWLRQ RI QHXURQV DUH DFWL
YDWHG DQG SURMHFW WR WKH VWULDWXP 7R WKH GHJUHH WKDW WKRVH FRQQHFWLRQV KDG EHHQ
VWUHQJWKHQHG WKURXJK SULRU UHLQIRUFHPHQW WKH\ ZLOO HQJDJH D VSDWLRWHPSRUDO IHHG
EDFN ORRS 7KURXJK WKLV ORRS DVVRFLDWHG QHRFRUWLFDO QHXURQV ZLOO DOVR EH H[FLWHG
HYHQWXDOO\ JHQHUDWLQJ WKH GHVLUHG DFWLRQ 2WKHU IHHGEDFN ORRSV WKDW PD\ KDYH
EHHQ UHLQIRUFHG EXW SHUKDSV OHVV VR ZLOO DOVR EHJLQ WR H[FLWH WKHPVHOYHV /R
FDO RUJDQL]DWLRQ ZLWKLQ WKH QHRFRUWH[ FRXOG SURYLGH HIILFLHQW FRPSHWLWLRQ DPRQJ
FRPSHWLQJ DFWLRQV :KHQ XQH[SHFWHG UHLQIRUFHPHQW LV UHFHLYHG GRSDPLQH SRWHQ
WLDWHV FRUWLFRVWULDWDO SURMHFWLRQV IRU UHFHQWO\ DFWLYDWHG DFWLRQV XVLQJ DQ HOLJLELOLW\
WUDFH PHFKDQLVP HJ DV XVHG E\ ,]KLNHYLFK  7KH VWULDWXP DOVR KDV LQ
KLELWRU\ HIIHUHQWV WR WKH GRSDPLQHUHOHDVLQJ QHXURQV 3ODVWLFLW\ DW WKH OHYHO RI
WKH VWULDWXP LV K\SRWKHVL]HG WR VWRUH WKH UHZDUG SUHGLFWLRQ DVVRFLDWHG ZLWK WKH
QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQ DQG VWULDWRQLJUDO LQKLELWRU\ FRQQHFWLRQV FDQ LQ
KLELW GRSDPLQH UHOHDVH LQ SURSRUWLRQ WR WKH SUHGLFWHG UHZDUG WKHUHE\ FRPSXWLQJ
UHZDUGSUHGLFWLRQ HUURUV                               
[LY
 ,OOXVWUDWLRQ RI 5HJUHVVRUV LQ WKH 'HFRQYROXWLRQ $QDO\VHV 'HFRQYROXWLRQ LQ
YROYHV VSHFLI\LQJ PXOWLSOH UHJUHVVLRQ EHWD FRHIILFLHQWV RQH IRU HDFK GDWD SRLQW
RI LQWHUHVW HJ VFDQ LPDJH RU 75 7KLV ILJXUH LOOXVWUDWHV WKRVH UHJUHVVLRQ FRHI
ILFLHQWV ZLWK UHVSHFW WR WKH HYHQWV RI LQWHUHVW LH WKH PRYHPHQW HYHQW DQG WKH
UHLQIRUFHPHQW HYHQW LQGLFDWHG E\ DUURZV 6L[  UHJUHVVLRQ FRHIILFLHQWV ZHUH
VXPPDWHG IRU WKH PRYHPHQW VLJQDOV LQ WKH PRYHPHQWRQO\ PRGHO DQDO\VLV LH
WKH WZR JUD\ DQG  EODFN ER[HV LQ WKH URZ ODEHOHG ³PRYHPHQW βFRHIILFLHQWV´
,Q WKH PRYHPHQWUHLQIRUFHPHQW PRGHO DQDO\VLV RQO\ WKH UHJUHVVLRQ FRHIILFLHQWV
LQGLFDWHG E\ WKH EODFN ER[HV ZHUH VXPPDWHG $V LQGLFDWHG LQ WKH WH[W GHFRQYR
OXWLRQ LWVHOI VSDQQHG  75V VWDUWLQJ IURP WKH RQVHW RI HDFK HYHQW 1RWH WKDW DO
WKRXJK WKH K\SRWKHVL]HG KHPRG\QDPLF UHVSRQVHV IURP WKH HYHQWV RI LQWHUHVW RYHU
ODS LQ WLPH GHFRQYROXWLRQ DQDO\VLV VKRXOG DOORZ WKH VXFFHVVIXOO\ VHSDUDWLRQ RI
WKHLU LQGLYLGXDO FRQWULEXWLRQV $ GHPRQVWUDWLRQ RI VXFFHVVIXO VHSDUDWLRQ LV VKRZQ
LQ $SSHQGL[ & ZLWK VLPXODWHG GDWD SRVVHVVLQJ VLPLODU SURSHUWLHV WR WKH UHDO GDWD
VHW LH PRYHPHQW VLJQDOV ZLWK DVVXPHG FRQVWDQW DPSOLWXGH EXW UHLQIRUFHPHQW
VLJQDOV ZLWK YDULDEOH DPSOLWXGHV                           
 6WULDWDO 0DVN $ PDVN EDVHG RQ WKH FDXGDWH DQG SXWDPHQ PDVNV EXLOW LQWR
$)1,¶V GUDZLQJ WRROV ZHUH XVHG IRU JURXS DQDO\VHV UHVWULFWHG WR WKH VWULDWXP   
 6WULDWDO UHJLRQV LQYROYHG LQ KDQG PRYHPHQWV GXULQJ &21752/ WULDOV 3DQ
HOV $ % DQG & VKRZ D[LDO FRURQDO DQG VDJJLWWDO YLHZV RI WKH UHJLRQ LQ WKH
OHIW SXWDPHQ WKDW ZDV VWURQJO\ FRUUHODWHG ZLWK KDQG PRYHPHQWV ' $YHUDJH GH
FRQYROYHG LPSXOVH UHVSRQVH IXQFWLRQ LH UHJUHVVLRQ FRHIILFLHQWV IRU DOO YR[HOV
GHSLFWHG LQ 3DQHOV $& \D[LV SHUFHQW FKDQJH IURP DYHUDJH YR[HO DFWLYLW\ IRU
DOO PRGHOHG UXQV [D[LV VHFRQGV W  LV WKH WLPH RI WKH FRORU FXH VWLPXOXV RQVHW
>9R[HOZLVH WKUHVKROG S   H[WHQW WKUHVKROG RI  IRU D FRUUHFWHG WKUHVKROG RI
S  @                                      
[Y
 6WULDWDO UHJLRQV LQYROYHG LQ H\H PRYHPHQWV GXULQJ &21752/ WULDOV 3DQHOV
$ % DQG & VKRZ D[LDO FRURQDO DQG VDJJLWWDO YLHZV RI WKH UHJLRQ LQ WKH ELODW
HUDO DQWHULRU SXWDPHQ UHJLRQV WKDW ZHUH VWURQJO\ FRUUHODWHG ZLWK KDQG PRYHPHQWV
'$YHUDJH GHFRQYROYHG LPSXOVH UHVSRQVH IXQFWLRQ LH UHJUHVVLRQ FRHIILFLHQWV
IRU DOO YR[HOV GHSLFWHG LQ 3DQHOV $& \D[LV SHUFHQW FKDQJH IURP DYHUDJH YR[HO
DFWLYLW\ IRU DOO PRGHOHG UXQV [D[LV VHFRQGV W  LV WKH WLPH RI WKH FRORU FXH
VWLPXOXV RQVHW >6WULDWDO PDVN 9R[HOZLVH WKUHVKROG S   H[WHQW WKUHVKROG
RI  IRU D FRUUHFWHG WKUHVKROG RI S  @                     
 6WULDWDO UHJLRQV LQYROYHG LQ FRYHUW DWWHQWLRQ VKLIWV GXULQJ &21752/ WUL
DOV 3DQHOV $ % DQG & VKRZ D[LDO FRURQDO DQG VDJJLWWDO YLHZV RI WKH EL
ODWHUDO DQWHULRU FDXGDWH UHJLRQV WKDW ZHUH VWURQJO\ FRUUHODWHG ZLWK FRYHUW VKLIWV
RI YLVXDOVSDWLDO DWWHQWLRQ ' $YHUDJH GHFRQYROYHG LPSXOVH UHVSRQVH IXQFWLRQ
LH UHJUHVVLRQ FRHIILFLHQWV IRU DOO YR[HOV GHSLFWHG LQ 3DQHOV $& \D[LV SHUFHQW
FKDQJH IURP DYHUDJH YR[HO DFWLYLW\ IRU DOO PRGHOHG UXQV [D[LV VHFRQGV W  LV
WKH WLPH RI WKH FRORU FXH VWLPXOXV RQVHW >6WULDWDO PDVN 9R[HOZLVH WKUHVKROG S 
 H[WHQW WKUHVKROG RI  IRU D FRUUHFWHG WKUHVKROG RI S  @        
 :KROHEUDLQ FRUUHODWLRQV IRU KDQG PRYHPHQWV GXULQJ &21752/ WULDOV $
$Q D[LDO YLHZ WKURXJK WKH GRUVDO FHUHEUDO FRUWH[ VXSSRUWLQJ WKH K\SRWKHVLV WKDW
WKHUH ZDV VLJQLILFDQW H[WHQVLYH DFWLYDWLRQ LQ WKH FRQWUDODWHUDO OHIW SULPDU\ PRWRU
FRUWH[ FRUUHODWLQJ ZLWK ULJKWKDQG PRYHPHQWV  YR[HOV SHDN WYDOXH 
FRRUGLQDWH PP PP PP % $Q D[LDO YLHZ WKURXJK YHQWUDORFFLSLWDO
FHUHEUDO FRUWH[ VKRZLQJ WKDW WKHUH ZHUH H[WHQVLYH YLVXDO DFWLYDWLRQV OLNHO\ GXH WR
YLVXDO LQSXW GXULQJ WKH WDVN  YR[HOV RQ OHIW SHDN WYDOXH  FRRUGLQDWHV 
PP PP PP  YR[HOV RQ ULJKW SHDN WYDOXH  FRRUGLQDWH PP
PP PP &$ FRURQDO YLHZ RI WKH DFWLYDWLRQV VKRZQ LQ SDQHO $'$ VDJ
JLWWDO YLHZ VKRZLQJ ERWK PRWRU WRS DQG YLVXDO ERWWRP DFWLYDWLRQV >9R[HOZLVH
WKUHVKROG ZDV S   DQG FOXVWHU H[WHQW WKUHVKROG ZDV  IRU D FRUUHFWHG WKUHVK
ROG RI S  @                                   
[YL
 /HIW 7KDODPXV $FWLYDWLRQ IRU 5LJKW+DQG 0RYHPHQWV $W D OHVV FRQVHUYDWLYH
WKUHVKROG WKH OHIW WKDODPXV ZDV FRUUHODWHG ZLWK ULJKW KDQG PRYHPHQWV DV LQGL
FDWHG LQ WKHVH $ D[LDO % FRURQDO DQG & VDJJLWWDO LPDJHV E\ D ZKLWH FLUFOH
7KH SHDN YR[HO RI WKLV YR[HO UHJLRQ ZDV ORFDWHG DW PP PP P ZLWK
W   DQG GLG QRW VXUYLYH FRUUHFWLRQV IRU PXOWLSOH FRPSDULVRQV >9R[HOZLVH
WKUHVKROG ZDV S   DQG FOXVWHU H[WHQW WKUHVKROG ZDV @             
 :KROHEUDLQ FRUUHODWLRQV IRU H\HPRYHPHQWV GXULQJ&21752/ WULDOV 7KHUH
ZHUH H[WHQVLYH YLVXDO DFWLYDWLRQV OLNHO\ GXH WR YLVXDO LQSXW GXULQJ WKH WDVN QRW
VKRZQ $%& $V K\SRWKHVL]HG ELODWHUDO IURQWDO H\H ILHOG DFWLYDWLRQV ZHUH
REVHUYHG  YR[HOV RQ WKH OHIW SHDN WYDOXH  FRRUGLQDWH PP PP
PP  YR[HOV RQ WKH ULJKW SHDN WYDOXH  FRRUGLQDWH PPPPP
,Q DGGLWLRQ OLNHO\ UHIOHFWLQJ WKH LQYROYHPHQW RI FRYHUW DWWHQWLRQ LQ VDFFDGLF H\H
PRYHPHQWV D UHJLRQ LQ WKH VXSHULRU SDULHWDO OREXOH ZDV DOVR DFWLYH  YR[HOV RQ
WKH ULJKW SHDN WYDOXH  FRRUGLQDWH PPPPPP 5HJLRQV VKRZQ
LQ $& VXUYLYHG FRUUHFWLRQV IRU PXOWLSOH FRPSDULVRQV DW S   >)RU 3DQ
HOV $& YR[HOZLVH WKUHVKROG ZDV VHW WR S   DQG FOXVWHU H[WHQW WKUHVKROG
ZDV  YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  @ ' $FWLYDWLRQ LQ VXEVWDQ
WLD QLJUD ZDV DOVR REVHUYHG IRU H\H PRYHPHQWV  YR[HOV DW S   SHDN
WYDOXH  EXW WKLV UHJLRQ GLG QRW VXUYLYH FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQV 
[YLL
 :KROHEUDLQ FRUUHODWLRQV IRU FRYHUW DWWHQWLRQ VKLIWV GXULQJ &21752/ WUL
DOV $$Q D[LDO YLHZ WKURXJK GRUVDO FHUHEUDO FRUWH[ VKRZV UHJLRQV LQ WKH VXSHULRU
SDULHWDO OREXOH LH SUHFXQHXV WKDW ZHUH LQYROYHG LQ FRYHUW VKLIWV RI YLVXDOVSDWLDO
DWWHQWLRQ UHSRUWHG LQ WDEOH  SDJH  % 6DPH DV $ EXW DW D OHVV FRQVHU
YDWLYH YR[HOZLVH WKUHVKROG RI S   VRPH DFWLYDWLRQ RI WKH IURQWDO H\H ILHOGV
)() LQ WKH ULJKW KHPLVSKHUH ZDV DOVR VHHQ IRU FRYHUW DWWHQWLRQ VKLIWV &'
&RURQDO DQG D[LDO YLHZV VKRZLQJ ELODWHUDO FHUHEHOODU DFWLYDWLRQ FRUUHODWLQJ ZLWK
DWWHQWLRQ VKLIWV ,Q DGGLWLRQ WKHUH ZHUH H[WHQVLYH YLVXDO DFWLYDWLRQV OLNHO\ GXH WR
YLVXDO LQSXW GXULQJ WKH WDVN QRW YLVLEOH LQ WKHVH SDUWLFXODU YLHZV >9R[HOZLVH
WKUHVKROG IRU $ & DQG ' ZDV VHW WR S   DQG FOXVWHU H[WHQW WKUHVKROG ZDV VHW
WR  YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  @                
 0RYHPHQWUHODWHG 6WULDWDO $FWLYLW\ GXULQJ HQWLUH H[SHULPHQW $OWKRXJK )LJ
XUHV    VKRZ PRYHPHQW VLJQDOV ZLWKRXW WKH SUHVHQFH RI UHLQIRUFHPHQW
LW ZDV LQWHUHVWLQJ WR DOVR FRPSDUH WKRVH UHVXOWV WR PRYHPHQW VLJQDOV GHFRQYROYHG
DFURVV WKH HQWLUH H[SHULPHQW LQFOXGLQJ WULDOV ZLWK UHLQIRUFHPHQW ,QWHUHVWLQJO\ WKH
UHVXOWV DUH TXDOLWDWLYHO\ VLPLODU DOWKRXJK QRW LGHQWLFDO 7KH GLVFUHSDQFLHV PD\
LQGLFDWH PHFKDQLVWLF GLIIHUHQFHV LQ EDVDO JDQJOLD IXQFWLRQ GHSHQGLQJ RQ ZKHWKHU
WKH\ DUH FRQWUROOLQJ PRYHPHQWV EDVHG RQ FXHV RU EDVHG RQ UHZDUG SUHGLFWLRQV
$% $[LDO DQG VDJLWWDO YLHZV VKRZLQJ ULJKWKDQG PRYHPHQW VLJQDOV LQ WKH OHIW
SXWDPHQ &' &RURQDO DQG VDJLWWDO YLHZV D[LDO YLHZ LQVHW VKRZLQJ DQWHULRU
GRUVDO H[WHQW RI D SXWDPHQ UHJLRQ LQYROYHG LQ VDFFDGLF H\H PRYHPHQWV () $[
LDO DQG FRURQDO YLHZV RI FDXGDWH DQG SXWDPHQ UHJLRQV LQYROYHG LQ WKH FRQWURO RI
FRYHUW DWWHQWLRQ VKLIWV                                 
 'HFRQYROYHG ,PSXOVH 5HVSRQVH )XQFWLRQV 7KLV ILJXUH SORWV WKH FRPSXWHG
VKDSHV RI WKH %2/' UHVSRQVHV IRU PRYHPHQWV DQG SRVLWLYH UHZDUGSUHGLFWLRQ
HUURUV IRU WKH YR[HOV LQ WKH 52,V WKDW FRUUHODWHG ZLWK WKH VLJQDO RI LQWHUHVW ;D[LV
LV WLPH  PDUNV WKH RQVHW RI PRYHPHQW RU UHLQIRUFHPHQW <D[LV XQLWV DUH EHWD
LH SHUFHQW FKDQJH IURP EDVHOLQH IRU RQH PRYHPHQW HYHQW RU IRU RQH FHQW 
LQ WKH FDVH RI UHZDUGSUHGLFWLRQ HUURU 6HH WH[W RQ SDJH              
[YLLL
 6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 5H
LQIRUFHG 5LJKW+DQG 0RYHPHQWV $%7KH OHIW SXWDPHQ ZDV FRUUHODWHG ZLWK
WKH XQSUHGLFWHG SRVLWLYH UHLQIRUFHPHQW RI ULJKW KDQG PRYHPHQWV & 6RPH QHJ
DWLYH FRUUHODWLRQ ZDV DOVR REVHUYHG LQ YHQWUDO SXWDPHQ '$FWLYDWLRQ LQ DQWHULRU
FDXGDWH 7KLV DFWLYDWLRQ VXJJHVWV WKDW VRPH DVSHFW RI DWWHQWLRQ ZDV UHLQIRUFHG
ZKHQ KDQG PRYHPHQWV ZHUH UHLQIRUFHG LH PDLQWDLQLQJ FRYHUW DWWHQWLRQ DW WKH
FHQWHU RI IL[DWLRQ 'DWD WDEXODWHG LQ 7DEOH  RQ SDJH              
 6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 6DF
FDGLF (\H 0RYHPHQWV $% ' $[LDO OHIW DQG ULJKW VDJJLWWDO YLHZV VKRZLQJ
GRUVDO FDXGDWH DFWLYDWLRQ ZKHQ VDFFDGLF H\H PRYHPHQWV ZHUH UHLQIRUFHG &
$[LDO YLHZ VKRZLQJ DQWHULRU FDXGDWH DFWLYDWLRQ 6HH 7DEOH  RQ SDJH     
 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU IRU &RYHUW $WWHQWLRQ 6KLIWV $QWHULRU FDX
GDWH ZDV SRVLWLYHO\ FRUUHODWHG ZLWK ERWK SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ
HUURUV ZKHQ FRYHUW DWWHQWLRQ VKLIWV ZHUH UHLQIRUFHG 6HH 7DEOH  RQ SDJH    
 &RPSDULQJ 3HDN$FWLYDWLRQV IRU 3RVLWLYH 5HZDUG3UHGLFWLRQ(UURU RI &RYHUW
$WWHQWLRQ YHUVXV 6DFFDGLF (\H0RYHPHQWV ZKLFK DUH LQ $QWHULRU YHUVXV 'RU
VDO &DXGDWH 5HVSHFWLYHO\ 3HDN YR[HOV DUH LQGLFDWHG E\ JUH\ DUURZV 6HH WH[W
IRU IXUWKHU GLVFXVVLRQ SDJH                            
 6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 1HJDWLYH 5HZDUG3UHGLFWLRQ (UURU 6LJQDOV
IRU 5LJKW+DQG 0RYHPHQWV $' $[LDO 6DJJLWWDO $[LDO DQG &RURQDO YLHZV
VKRZLQJ UHJLRQV WKDW ZHUH FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU VLJ
QDOV ZKHQ ULJKWKDQG PRYHPHQWV ZHUH UHLQIRUFHG 1RWH WKDW WKH SXWDPHQ UHJLRQV
DUH YHU\ FORVH WR DQG DSSHDU WR RYHUODS ZLWK WKH JOREXV SDOOLGXV SDUWLFXODUO\ RQ
WKH ULJKWLSVLODWHUDO VLGH $ VPDOO UHJLRQ ZDV ORFDWHG LQ WKH DQWHULRU FDXGDWH )RU
QXPHULFDO GHWDLOV VHH 7DEOH  RQ SDJH                      
[L[
 6WULDWDO 5HJLRQV&RUUHODWLQJZLWK1HJDWLYH5HZDUG3UHGLFWLRQ(UURU IRU 6DF
FDGLF (\H 0RYHPHQWV $ GLIIXVH VHW RI UHJLRQV ZHUH FRUUHODWHG ZLWK QHJDWLYH
UHZDUGSUHGLFWLRQ HUURU VLJQDOV ZKHQ H\H PRYHPHQWV ZHUH UHLQIRUFHG 7KHVH UH
JLRQVZHUH ORFDWHG LQ WKH DQWHULRU FDXGDWH QXFOHXV DFFXPEHQV DQG GRUVDO FDXGDWH
6HH 7DEOH  RQ SDJH                               
 6WULDWDO 5HJLRQ &RUUHODWLQJ ZLWK 1HJDWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 5H
LQIRUFHG &RYHUW $WWHQWLRQ 6KLIWV $ VLQJOH UHJLRQ LQ WKH KHDG RI WKH FDXGDWH ZDV
FRUUHODWHG VWURQJO\ ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDOV 6HH 7DEOH 
RQ SDJH                                       
 07 $FWLYDWLRQ &RUUHODWLQJ ZLWK 0RYHPHQW GXULQJ 5LJKW+DQG 0RYHPHQW
7ULDOV 7KH GDWD LQ WKLV ILJXUH FRQILUP WKH K\SRWKHVLV WKDW WKH VFUROOLQJ RI WKH
VWLPXOXV GXULQJ KDQGPRYHPHQW WULDOV ZRXOG UHVXOW LQ YLVXDO PRWLRQ VLJQDOV LQ
SXWDWLYH KXPDQ DUHD 07 LQ WKH PLGGOH WHPSRUDO FRUWH[ $ $[LDO YLHZ VKRZ
LQJ D GLVWLQFW UHJLRQ LQ ULJKW PLGGOH WHPSRUDO J\UXV DUURZ FRUUHODWLQJ ZLWK KDQG
PRYHPHQW UHJUHVVRUV 7KLV UHJLRQ FRQWDLQHG  YR[HOV SHDN DW PP PP
PP WYDOXH  7KHUH ZDV DOVR D VPDOOHU UHJLRQ RQ WKH FRQWUDODWHUDO VLGH
FRQWDLQLQJ  YR[HOV SHDN DW PP PP PP WYDOXH  6PDOOHU
KDQG PRYHPHQWUHODWHG DFWLYDWLRQV FRUUHVSRQGLQJ WR ULJKWKDQG PRYHPHQWV FDQ
VWLOO EH VHHQ DW WKLV FRQVHUYDWLYH WKUHVKROG LQ WKH OHIW SXWDPHQ DQG WKDODPXV 7KHUH
ZDV DOVR H[WHQVLYH DFWLYDWLRQ LQ YLVXDO FRUWH[ JHQHUDOO\ % &RURQDO YLHZ VKRZ
LQJ SXWDWLYH DUHD 07 /HIW SULPDU\ PRWRU FRUWH[ DFWLYDWLRQ FDQ DOVR EH VHHQ DW WKH
WRS RI WKH EUDLQ & 6DJJLWWDO YLHZ 6HH WH[W RQ SDJH  >9R[HOZLVH S  @
[[
 :KROH%UDLQ $129$ZLWK 4XDUWHU RI /HDUQLQJ 7DVN DV D )DFWRU $FWLYDWLRQ
VKRZV UHJLRQV DFWLYH ZKHQ QHZ FRQWLQJHQFLHV DUH EHLQJ OHDUQHG FRPSDUHG WR DIWHU
SHUIRUPDQFH UHDFKHG DV\PSWRWH $% $FWLYDWLRQ LQ PHGLDO IURQW J\UXV PD\
UHIOHFW LQFUHDVHG PHPRU\ GHPDQGV RU XQFHUWDLQW\ &' $FWLYDWLRQ LQ DQWHULRU
FLQJXODWH FRUWH[ PD\ UHIOHFW LQFUHDVHG UHVSRQVH FRQIOLFW ()$FWLYDWLRQ LQ ULJKW
IXVLIRUP J\UXV ZKLFK PD\ UHIOHFW LQFUHDVHG DWWHQWLRQ WR WKH VSDWLDO DUUDQJHPHQW
RI WKH VWLPXOL 6HH WH[W RQ SDJH  IRU GHWDLOV >9R[HOZLVH S   DOO UHJLRQV
FRUUHFWHG DW S  @                                
$ &RPSDULVRQ RI UHVXOWV IURP $)1,¶V DIILQH WUDQVIRUPDWLRQ WRS WR WKH $176
QRQOLQHDU ZDUSLQJ DOJRULWKP GHIDXOW VHWWLQJV ERWWRP 7KH WRS URZ VKRZV
WKH VDPH D[LDO VOLFH IURP IRXU H[SHULPHQW SDUWLFLSDQWV 7KH LPDJH LQ WKH FHQWHU
LV WKH VOLFH DW WKH VDPH OHYHO IURP WKH WDUJHW EUDLQ 771 &ROLQ 7KH ERWWRP
URZ LV WKH UHVXOW RI WKH DXWRPDWHG ZDUSLQJ DOJRULWKP SURYLGHG E\ $176 7KH LP
SURYHPHQW LQ WKH FRUHJLVWUDWLRQ LV YHU\ DSSDUHQW LQ WKLV SDUWLFXODU VOLFH HVSHFLDOO\
IRU WKH FDXGDWH QXFOHXV DV ZHOO DV WKH JUH\ PDWWHU LQ WKH IURQWDO DQG RFFLSLWDO
FRUWLFHV                                        
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% (FKR &DQFHOODWLRQ 7HFKQLTXH IRU 2UDO 5HSRUWV RI 3DUWLFLSDQWV GXULQJ DQ
I05, VFDQ 'XULQJ DQ (3, HFKRSODQDU LPDJLQJ VFDQ WKH VFDQQHU QRLVH UH
SHDWV ZLWK D SHULRG RI  VHFRQGV 6XSHULPSRVHG RQ WKLV UHSHWLWLYH VFDQQHU QRLVH
DUH WKH PXFK TXLHWHU RUDO UHVSRQVHV RI WKH H[SHULPHQW SDUWLFLSDQWV 7KH PLFUR
SKRQH WKXV GHWHFWV WKH FRPELQDWLRQ RI WKH VFDQQHU QRLVH DQG WKH RUDO UHVSRQVHV
(FKR FDQFHOODWLRQ LQYROYHV GLJLWDOO\ PDQLSXODWLQJ WKH UHDOWLPH DXGLR FDSWXUHG E\
WKH PLFURSKRQH $ GHOD\ ORRS LV FUHDWHG ZKHUHE\ WKH SUHYLRXV  VHFRQGV WKH SH
ULRG RI WKH 75 VFDQQHU RI VRXQG DUH SKDVHLQYHUWHG DQG WKHQ DGGHG WR WKH OLYH
DXGLR EHLQJ GHWHFWHG E\ WKH PLFURSKRQH 7KH UHVXOW LV WKDW WKH VFDQQHU QRLVH LV
FDQFHOOHG RXW H[FHSW IRU DW WKH EHJLQQLQJ RI WKH VFDQ LH WKH ILUVW 75 LV LQHI
IHFWLYHO\ FDQFHOHG RXW E\ WKH VLOHQFH WKDW SUHFHGHV WKH VFDQ $ FRQVHTXHQFH RI
WKLV FDQFHODWLRQ WHFKQLTXH LV WKDW WKH SDUWLFLSDQWV¶ RUDO UHSRUWV DUH KHDUG WZLFH WKH
ILUVW WLPH LV LQ UHDO WLPH ZKHQ WKH\ YRFDOL]H WKHLU UHVSRQVH DQG WKH VHFRQG WLPH
LV WKH SKDVHLQYHUWHG GHOD\HG FRS\ RI WKH YRFDOL]DWLRQ 7KLV LV LOOXVWUDWHG LQ WKH
ERWWRPPRVW SDQHO ZKHUH D FRS\ RI WKH RUDO UHSRUW RFFXUV  VHFRQGV DIWHU WKLV
ILUVW UHSRUW 'HSHQGLQJ RQ WKH H[SHULPHQW GHVLJQ WKLV FRXOG EH DQ DGYDQWDJH EH
FDXVH LW SURYLGHV WKH H[SHULPHQWHU ZLWK D VHFRQG RSSRUWXQLW\ WR FRQILUP ZKDW WKH
SDUWLFLSDQW UHSRUWHG                                 
& ,OOXVWUDWLRQ RI 'HFRQYROXWLRQ $QDO\VLV  6HTXHQFH RI (YHQWV 7KH EOXH EDUV
UHSUHVHQW ELQDU\ PRYHPHQW HYHQWV 7KH UHG EDUV UHSUHVHQW FRQWLQXRXVO\YDOXHG
VFDODU UHZDUG 7KH UHZDUGV DUH SURYLGHG DW D IL[HG GHOD\ DIWHU PRYHPHQWV  $
VLPXODWHG KHPRG\QDPLF UHVSRQVH IXQFWLRQ WKDW ZLOO EH FRQYROYHG ZLWK WKH HYHQWV
VKRZQ LQ  WR JHQHUDWH D VLPXODWHG %2/' WLPHFRXUVH IRU DQ LPDJLQDU\ YR[HO
 7KH UHVXOWV RI FRQYROYLQJ WKH HYHQWV ZLWK WKH KHPRG\QDPLF UHVSRQVH IXQF
WLRQ 1RWH WKDW WKH RULJLQDO VKDSH RI WKH KHPRG\QDPLF UHVSRQVH IXQFWLRQ LV QRW
GLVFHUQDEOH LQ WKLV VLJQDO  7KH UHFRYHUHG KHPRG\QDPLF UHVSRQVH IXQFWLRQ
VKDSHV IRU WKH PRYHPHQW DQG UHZDUG HYHQWV WKDQNV WR GHFRQYROXWLRQ DQDO\VLV   
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7KH UHVHDUFK UHSRUWHG LQ WKLV GLVVHUWDWLRQ DURVH IURP QXPHURXV FRQYHUVDWLRQV DQG LQWHUDFWLRQV ZLWK
WKH IDFXOW\ DQG JUDGXDWH VWXGHQWV DW WKH &HQWHU IRU 1HXURVFLHQFH DW WKH 8QLYHUVLW\ RI 3LWWVEXUJK
&183 WKH &HQWHU IRU WKH 1HXUDO %DVLV RI &RJQLWLRQ &1%& DQG WKH /HDUQLQJ 5HVHDUFK DQG
'HYHORSPHQW &HQWHU /5'& , DP YHU\ WKDQNIXO IRU WKH VXSSRUWLYH DQG LQWHOOHFWXDOO\ VWLPXODWLQJ
HQYLURQPHQW
, ZRXOG DOVR OLNH WR DFNQRZOHGJH WKH IXQGLQJ VRXUFHV WKDW PDGH WKLV UHVHDUFK SRVVLEOH 7KHVH
LQFOXGH 1DWLRQDO ,QVWLWXWHV RI +HDOWK JUDQW 1,+ 5 +' WR (ULN ' 5HLFKOH DQG 7HVVD :DU
UHQ DQG D 1DWLRQDO 6FLHQFH )RXQGDWLRQ ,QWHJUDWLYH *UDGXDWH (GXFDWLRQ DQG 7UDLQHHVKLS ,*(57
IHOORZVKLS SURYLGHG E\ WKH &HQWHU IRU WKH 1HXUDO %DVLV RI &RJQLWLRQ
$V IRU P\ UHVHDUFK WUDLQLQJ , DP HVSHFLDOO\ LQGHEWHG WR 'U &KLS /HY\ IRU LQWURGXFLQJ PH
WR DFDGHPLF UHVHDUFK DQG WKH LPSRUWDQFH RI JRRG FRPSXWDWLRQDO PRGHOLQJ WR 'U -XOLH )LH] IRU
PDNLQJ WKLV ZKROH SURMHFW SRVVLEOH DV P\ ,*(57 FURVVRYHU PHQWRU DQG WR 'U (ULN 5HLFKOH IRU
KLV DGYLVLQJ DQG LQVLJKW
)LQDOO\ , ZRXOG OLNH WR WKDQN P\ ZLIH 'U $EE\ /DXUHQW IRU KHU VXSSRUW DQG HQFRXUDJHPHQW
[[LLL
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/HDUQLQJ WKH DFTXLVLWLRQ WKURXJK H[SHULHQFH RI EHKDYLRUDO UHVSRQVHV VNLOOV DQG NQRZOHGJH WKDW
DUH QRW SUHZLUHG LQWR D QHXUDO V\VWHP LV DQ LPSRUWDQW DUHD RI UHVHDUFK LQ FRJQLWLYH QHXURVFLHQFH
+RZ GRHV OHDUQLQJ RFFXU LQ WKH EUDLQ" $FFRUGLQJ WR FXUUHQW QHXURVFLHQFH WKHRU\ OHDUQLQJ WDNHV
SODFH WKURXJK WKH PRGLILFDWLRQ RI LQWHUQHXURQDO FRQQHFWLRQV FDOOHG V\QDSVHV 6\QDSVHV PHGLDWH
WKH WUDQVPLVVLRQ RI LQIRUPDWLRQ IURP RQH QHXURQ HJ D VHQVRU\ QHXURQ WR DQRWKHU QHXURQ HJ
D PRWRU QHXURQ WKURXJK WKH UHOHDVH DQG GHWHFWLRQ RI FKHPLFDO DQGRU HOHFWULFDO VLJQDOV 2QFH
VXIILFLHQW QXPEHUV RI WKHVH V\QDSVHV KDYH EHHQ VXIILFLHQWO\ PRGLILHG WKH RUJDQLVP LV WKHQ VDLG WR
KDYH OHDUQHG EHFDXVH LWV EHKDYLRUDO RXWSXW ZLOO KDYH FKDQJHG LQ UHVSRQVH WR WKH VDPH VWLPXOXV
)RU H[DPSOH EHIRUH OHDUQLQJ DQ RUJDQLVP XSRQ KHDULQJ DQ DXGLWRU\ VWLPXOXV VXFK DV ³SUHVV WKH $
EXWWRQ´ RU ³SUHVV WKH % EXWWRQ´ PD\ QRW JHQHUDWH WKH GHVLUHG EHKDYLRU 7KH RUJDQLVP PD\ SHUIRUP
DQ LQFRUUHFW DFWLRQ HLWKHU UDQGRPO\ RU DUELWUDULO\ +RZHYHU DIWHU PDQ\ UHSHDWHG WULDOV GXULQJ ZKLFK
WKH RUJDQLVP LV SRVLWLYHO\ UHLQIRUFHG ZKHQ LW SHUIRUPV WKH WDVN FRUUHFWO\ LWV EHKDYLRU PD\ FRQYHUJH
WR WKH UHLQIRUFHG EHKDYLRU
$ FRXSOH RI TXHVWLRQV LPPHGLDWHO\ DULVH IURP WKH SUHYLRXV H[DPSOH )LUVW LI OHDUQLQJ LV LQGHHG
DFKLHYHG WKURXJK WKH PRGLILFDWLRQ RI V\QDSVHV ZKLFK V\QDSVHV DUH WKH RQHV WKDW DUH PRGLILHG"
$QG UHODWHGO\ KRZ GLG WKRVH SDUWLFXODU V\QDSVHV JHW PRGLILHG ZKLOH RWKHUV GLG QRW" ,V WKHUH DQ\
RUJDQL]DWLRQ WR WKH ORFDOL]DWLRQ RI OHDUQLQJUHODWHG FKDQJHV"
:KDW H[DFWO\ KDV EHHQ OHDUQHG" 7KH RUJDQLVP KDV OLNHO\ OHDUQHG PDQ\ GLIIHUHQW WKLQJV GXULQJ
WKH FRXUVH RI WKH H[SHULPHQW ± SUHVXPDEO\ ZLWK FRUUHVSRQGLQJ V\QDSWLF FKDQJHV LQ VHYHUDO SDUWV RI
LWV QHUYRXV V\VWHP 3HUKDSV WKH PRVW VDOLHQW WKLQJ OHDUQHG LV WKH VXFFHVVIXO PDSSLQJ RI WKH VWLPXOXV
WR WKH DSSURSULDWH UHVSRQVH /HDUQLQJ WR PDNH D UHVSRQVH JLYHQ D VWLPXOXV DQG UHLQIRUFHPHQW LV
FDOOHG RSHUDQW FRQGLWLRQLQJ RU LQVWUXPHQWDO FRQGLWLRQLQJ DQG KDV D ORQJ KLVWRU\ RI VWXG\ +RZ

HYHU LW LV NQRZQ WKDW RSHUDQW FRQGLWLRQLQJ LV QRW WKH RQO\ IRUP RI OHDUQLQJ WKDW RFFXUV LQ WKH EUDLQ
5HVHDUFKHUV KDYH LGHQWLILHG PDQ\ GLIIHUHQW NLQGV RI OHDUQLQJ DQG KDYH EHJXQ WR PDS WKHVH WR GLI
IHUHQW EUDLQ UHJLRQV 'R\D IRU H[DPSOH LGHQWLILHV WKUHH IRUPV RI OHDUQLQJ 'R\D   7KH
ILUVW IRUP RI OHDUQLQJ LV UHODWHG WR OHDUQLQJ WKH VWDWLVWLFV RI WKH HQYLURQPHQW OHDGLQJ WR LPSURYHG
SHUFHSWLRQ DQGRU PRWRU FRQWURO ,Q WKH DERYH H[DPSOH RI OHDUQLQJ WR SUHVV EXWWRQV ODEHOHG ³$´
RU ³%´ WKLV OHDUQLQJ PLJKW LQYROYH LPSURYHPHQWV LQ DXGLWRU\ SHUFHSWLRQ UHTXLUHG WR GLVFULPLQDWH
WKH WZR SRVVLEOH FRPPDQG VWLPXOL ,W PD\ DOVR LQYROYH YLVXDO OHDUQLQJ UHTXLUHG WR LGHQWLI\ WKH
ZULWLQJ RQ WKH WZR EXWWRQV RU WKHLU VSDWLDO FRQILJXUDWLRQ 2U WKLV VWDWLVWLFDO OHDUQLQJ PD\ LQYROYH
ILQH WXQLQJ PRWRU FRUWH[ UHSUHVHQWDWLRQV WR JHQHUDWH KDQG PRYHPHQWV WKDW DUH VXIILFLHQWO\ DFFXUDWH
WR SUHVV RQH EXWWRQ DQG QRW WKH RWKHU 7KLV JHQHUDO IRUP RI ³VWDWLVWLFDO OHDUQLQJ´ LV DWWULEXWHG WR WKH
FHUHEUDO FRUWH[ WKH FRQYROXWHG VXUIDFH SRUWLRQ RI WKH EUDLQ
7KH VHFRQG IRUP RI OHDUQLQJ LGHQWLILHG E\ 'R\D LV UHODWHG WR FRPSHQVDWLQJ IRU HUURUV GXH WR
FKDQJHV LQ WKH G\QDPLFV RI WKH HQYLURQPHQW FRPSDUHG WR WKH RUJDQLVPV SUHGLFWLRQV IRU WKH HQ
YLURQPHQW 6XFK FKDQJHV PLJKW RFFXU IRU H[DPSOH LQ ERG\ PRYHPHQWV ZKLOH FDUU\LQJ D KHDY\
REMHFW ,Q WKH DERYH H[DPSOH WDVN WKLV W\SH RI OHDUQLQJ PD\ EH LQYROYHG LQ DGDSWLQJ WR WKH GLIIHU
HQFHV LQ ZKLFK WKH YRLFH FRPPDQG LV JLYHQ HJ D KLJK SLWFKHG YRLFH RU D ORZHU SLWFKHG YRLFH
RU DFFRPSDQLHG E\ GLVWRUWLRQ DV ZHOO DV LQ WKH DGMXVWPHQWV PDGH GXULQJ PRWRU FRQWURO DV YDULRXV
DPRXQWV RI HUURU LQ WKH PXVFOH PRYHPHQWV UHTXLUH DGMXVWPHQWV LQ WKH PRYHPHQWV DQG SRVWXUH RI
WKH SDUWLFLSDQW 7KLV ³HUURUFRUUHFWLQJ´ IRUP RI OHDUQLQJ LV DWWULEXWHG WR WKH FHUHEHOOXP WKH ³OLWWOH
EUDLQ´ WKDW LV ORFDWHG EHORZ WKH UHVW RI WKH EUDLQ SRVWHULRU WR WKH EUDLQVWHP
7KH WKLUG IRUP RI OHDUQLQJ LGHQWLILHG E\ 'R\D LV OHDUQLQJ WR SUHGLFW WKH FRUUHFW DPRXQW DQG W\SH
RI UHLQIRUFHPHQW IHHGEDFN DV D UHVXOW RI SHUIRUPLQJ DFWLRQV ZKLFK DOORZV VHOHFWLQJ DFWLRQV WKDW DUH
PRUH OLNHO\ WR OHDG WR UHZDUG ,Q WKH DERYH H[DPSOH WDVN WKLV IRUP RI OHDUQLQJ LV LQYROYHG LQ PDNLQJ
WKH FKRLFH WR HLWKHU SUHVV ³$´ RU ³%´ JLYHQ WKH KLVWRU\ RI UHLQIRUFHPHQW 7KLV ³UHLQIRUFHPHQW´
OHDUQLQJ LV DWWULEXWHG WR WKH EDVDO JDQJOLD VWUXFWXUHV WKDW DUH QRW UHDGLO\ YLVLEOH LQ PRVW GHSLFWLRQV
RI WKH EUDLQ EHFDXVH WKH\ DUH EXULHG EHQHDWK WKH FHUHEUDO FRUWH[ DQG DUH WKXV NQRZQ DV ³VXEFRUWLFDO
VWUXFWXUHV´ 'HVSLWH WKH IDFW WKDW WKHVH GLIIHUHQW IRUPV RI OHDUQLQJ PD\ EH YDULRXVO\ HQJDJHG LQ WKH
VHUYLFH RI DQ\ WDVN HLWKHU VLPXOWDQHRXVO\ VHTXHQWLDOO\ RU LQ VRPH FRPELQDWLRQ RI WKHVH WKH XVH RI
FDUHIXOO\GHVLJQHG H[SHULPHQWV DOORZ UHVHDUFKHUV WR VWXG\ WKHP LQGHSHQGHQWO\

$OWKRXJK WKLV ODVW IRUP RI OHDUQLQJ ± FDOOHG 5HLQIRUFHPHQW /HDUQLQJ 5/ ± KDV EHHQ DWWULEXWHG
WR WKH EDVDO JDQJOLD WKHUH UHPDLQ PDQ\ XQDQVZHUHG TXHVWLRQV DERXW WKH UROH RI WKH EDVDO JDQJOLD LQ
5/ 7KLV GLVVHUWDWLRQ VHHNV WR DQVZHU WKH IROORZLQJ TXHVWLRQV DERXW EDVDO JDQJOLD LQYROYHPHQW LQ
OHDUQLQJ WKURXJK UHLQIRUFHPHQW ,V WKHUH QHXUDO DFWLYLW\ LQ WKH EDVDO JDQJOLD WKDW UHODWHV WR WKH OHDUQ
LQJ RI SK\VLFDO DFWLRQV" ,V WKHUH QHXUDO DFWLYLW\ LQ WKH EDVDO JDQJOLD WKDW UHODWHV WR WKH OHDUQLQJ RI
FRJQLWLYH ³DFWLRQV´ LH RSHUDWLRQV WKDW GR QRW UHTXLUH SK\VLFDO PRYHPHQWV VXFK DV VKLIWLQJ FRYHUW
DWWHQWLRQ" ,V WKH QHXUDO DFWLYLW\ IRXQG LQ WKH VDPH SDUW RI WKH EDVDO JDQJOLD HJ WKH QXFOHXV DF
FXPEHQV RU LQ DFWLRQVSHFLILF UHJLRQV" $QG ILQDOO\ GRHV WKH ORFDOL]DWLRQ RI DFWLRQVSHFLILF QHXUDO
DFWLYLW\ FRLQFLGH ZLWK QHXUDO DFWLYLW\ UHODWHG WR WKH DFWLRQV EHLQJ OHDUQHG" 7KDW LV GR ERWK OHDUQLQJ
DQG DFWLRQ WDNH SODFH LQ WKH VDPH ORFDWLRQ"
(IIHFWLYHO\ WKHVH TXHVWLRQV DLP WR HOXFLGDWH FULWLFDO LQIRUPDWLRQ DERXW KRZ 5/ PD\ EH LPSOH
PHQWHG LQ WKH EUDLQ¶V QHXUDO FLUFXLWV 7KLV LQIRUPDWLRQ LV LPSRUWDQW EHFDXVH ZLWKRXW LW SURJUHVV LQ
DFKLHYLQJ D GHHS XQGHUVWDQGLQJ RI KRZ OHDUQLQJ RFFXUV LQ WKH EUDLQ ZLOO EH GLIILFXOW
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5/ KDV ORQJ SDUDOOHO KLVWRULHV LQ FRPSXWHU VFLHQFH DQG EHKDYLRUDO SV\FKRORJ\ 5/ FDQ EH IRUPDOO\
GHILQHG DV WKH JHQHUDO SUREOHP RI OHDUQLQJ WR SUHGLFW UHLQIRUFHPHQW LQ RUGHU WR VHOHFW DFWLRQV WR
PD[LPL]H WKH DPRXQW RI UHZDUG WKDW DQ DJHQW LH DQ RUJDQLVP RU D URERW ZLOO REWDLQ IURP LWV
HQYLURQPHQW 7KXV 5/ UHIHUV WR WKH SUREOHP RI DV ZHOO DV VROXWLRQV IRU OHDUQLQJ WR VHOHFW DFWLRQV
WRPD[LPL]H WKH DPRXQW RI UHZDUG WKDW DQ DJHQW RU RUJDQLVP FDQ REWDLQ IURP LWV HQYLURQPHQW 6XWWRQ
DQG %DUWR  ,Q WKLV FRQWH[W DQ µDJHQW¶ LV DQ\ DXWRQRPRXV V\VWHP WKDW LV FDSDEOH RI LQLWLDWLQJ
RU VHOHFWLQJ DFWLRQV IRU H[DPSOH D URERW RU RWKHU DXWRQRPRXV PDFKLQH $ VORW PDFKLQH ZRXOG
W\SLFDOO\ QRW EH FRQVLGHUHG DQ DJHQW EHFDXVH DOWKRXJK LW KDV LQWHUQDO PDFKLQHU\ DQG DSSHDUV WR
VHOHFW DFWLRQV LH WR FKRRVH ZKDW WR GLVSOD\ LW GRHV QRW KDYH DXWRQRP\ WKDW LV DQ DJHQW XVXDOO\
D KXPDQ SXOOV WKH OHYHU WR GLUHFWO\ FDXVH WKH UHVXOWLQJ DFWLRQV
$ FRPSOHWH GHVFULSWLRQ RI DQ 5/ SUREOHP UHTXLUHV WKUHH WKLQJV WR EH VSHFLILHG  D OLVW RI WKH
SRVVLEOH DFWLRQV WKDW DQ DJHQW FDQ WDNH IURP DQ\ JLYHQ VWDWH  D GHVFULSWLRQ RI KRZ VHOHFWHG DFWLRQV

PRYH WKH DJHQW WKURXJK WKH HQYLURQPHQW LH D VWDWH WUDQVLWLRQ IXQFWLRQ DQG  D GHVFULSWLRQ WKH
DPRXQW RI UHLQIRUFHPHQW WKDW LV UHFHLYHG E\ DQ DJHQW XSRQ HQWHULQJ D VWDWH RU SHUIRUPLQJ D SDUWLFXODU
DFWLRQ LH D UHLQIRUFHPHQW IXQFWLRQ
2QFH WKH SUREOHP KDV EHHQ VSHFLILHG WKHUH DUH WKUHH LPSRUWDQW LVVXHV VSHFLILF WR WKH LPSOHPHQ
WDWLRQ RI 5/ LWVHOI 7KH ILUVW LVVXH LQ VSHFLI\LQJ 5/ DOJRULWKPV LV WKH W\SH RI YDOXHV WKDW DUH OHDUQHG
E\ WKH DJHQW %HFDXVH WKH 5/ SUREOHPV LQYROYH PD[LPL]LQJ UHZDUG RSWLPDO DOJRULWKPV IRU VROY
LQJ WKHP VWRUH WKH DPRXQW RI UHZDUG WKDW FDQ EH REWDLQHG LH UHZDUG SUHGLFWLRQV LQ VRPH IRUP
RU DQRWKHU 5HZDUG SUHGLFWLRQV LQ FRPSXWDWLRQDO VLPXODWLRQV RI 5/ DJHQWV DUH VWRUHG LQ D VWUXFWXUH
JHQHUDOO\ NQRZQ DV D YDOXH IXQFWLRQ 7KHUH DUH WZR PDLQ NLQGV RI YDOXH IXQFWLRQV 2QH NLQG RI
YDOXH IXQFWLRQ LV D VWDWHEDVHG YDOXH IXQFWLRQ ZKHUH UHZDUG SUHGLFWLRQV DUH DVVRFLDWHG ZLWK VSHFLILF
VWDWHV %\ FRQYHQWLRQ VWDWHEDVHG YDOXH IXQFWLRQV DUH QRWDWHG DV V (s) LH WKH YDOXHV DVVRFLDWHG
ZLWK HDFK VWDWH s 7KH RWKHU NLQG RI YDOXH LQVWHDG DVVRFLDWHV YDOXHV ZLWK HDFK DFWLRQ WKDW FRXOG EH
WDNHQ IURP D SDUWLFXODU VWDWH $FWLRQEDVHG YDOXH IXQFWLRQV DUH IUHTXHQWO\ QRWDWHG DV Q(s, a) LH
WKH YDOXH DVVRFLDWHG ZLWK WDNLQJ DFWLRQ a IURP VWDWH s ,Q WKH IRUPHU FDVH ZKHUH YDOXHV DUH VLPSO\
DVVRFLDWHG ZLWK VWDWHV DOJRULWKPV DUH HLWKHU HTXLSSHG ZLWK RU PXVW OHDUQ DQ LQWHUQDO PRGHO VR WKDW
WKH\ FDQ SUHGLFW KRZ D VHOHFWHG DFWLRQ OHDGV WKHP WR WKH QH[W VWDWH WKHUHE\ DOORZLQJ WKH DOJRULWKP
WR LQIHU WKH YDOXH RI DQ DFWLRQ ,Q WKH ODWWHU FDVH WKH DOJRULWKPV VLPSO\ DVVRFLDWH YDOXHV GLUHFWO\
ZLWK DFWLRQV ZLWKRXW UHJDUG WR WKH FRQVHTXHQFHV RI WKRVH DFWLRQV
7KH VHFRQG LVVXH LV KRZ WKH UHZDUG SUHGLFWLRQV DUH VWRUHG 7KH VLPSOHVW VWRUDJH PHFKDQLVP LV
ZKDW LV WHUPHG D ORRNXSWDEOH WKDW LV ZKHQ D YDOXH LV DVVRFLDWHG ZLWK D VWDWH RU VWDWHDFWLRQ SDLU
WKDW YDOXH LV NHSW LQ D SHUIHFW PHPRU\ V\VWHP WKDW LV JXDUDQWHHG WR UHWXUQ H[DFWO\ WKDW YDOXH ZKHQ
LW LV UHWULHYHG 6XFK D PHFKDQLVP LV YHU\ VWDEOH DQG HIIHFWLYH EXW FDQ XVH HQRUPRXV DPRXQWV RI
FRPSXWHU PHPRU\ LQ VLPXODWLRQV 1HXUDO QHWZRUNV DQG RWKHU IXQFWLRQ DSSUR[LPDWLRQ WHFKQLTXHV
KDYH EHHQ H[SORUHG EHFDXVH RI WKLV SUREOHP RI FRPSXWHU PHPRU\ DQG WKH IDFW WKDW ORRNXSWDEOHV
GR QRW JHQHUDOL]H YDOXHV EHWZHHQ VLPLODU VWDWHV 8QIRUWXQDWHO\ D NQRZQ SUREOHP ZLWK IXQFWLRQ
DSSUR[LPDWLRQ LV WKDW WKH OHDUQLQJ LV YHU\ VORZ DQG RIWHQ XQVWDEOH OHDGLQJ WR IDLOXUHV WR VWRUH FRUUHFW
UHZDUG SUHGLFWLRQV ZLWKLQ UHDVRQDEOH WLPHV
7KH WKLUG LPSOHPHQWDWLRQ LVVXH LV KRZ WKH UHZDUG SUHGLFWLRQV DUH OHDUQHG ,W VKRXOG EH QRWHG
WKDW DOWKRXJK PDQ\ DOJRULWKPV H[LVW IRU OHDUQLQJ UHZDUG SUHGLFWLRQV HDFK ZLWK LWV RZQ DGYDQWDJHV

DQG GLVDGYDQWDJHV RQO\ D IHZ RI WKHVH DOJRULWKPV DUH ELRORJLFDOO\ SODXVLEOH DQG WKHUHIRUH RI LQWHUHVW
WR FRJQLWLYH QHXURVFLHQFH )RU H[DPSOH DW RQH H[WUHPH 5/ DOJRULWKPV H[LVW WKDW LWHUDWH DQG XSGDWH
WKH YDOXHV WKURXJK WKH HQWLUH VSDFH RI VWDWHV WKDW FRXOG HYHU EH HQFRXQWHUHG HJ WKH YDOXHLWHUDWLRQ
DOJRULWKP ZKHUHDV DW WKH RWKHU H[WUHPH XSGDWHV DUH PDGH WR D VLQJOH VWDWH DW D WLPH DFFRUGLQJ WR
VHPLUDQGRP H[SORUDWLRQ RI WKH PRUH OLNHO\ SRUWLRQV RI WKH VWDWH VSDFH HJ WKH WUDMHFWRU\ VDPSOLQJ
DOJRULWKP $OWKRXJK WKH YDOXHLWHUDWLRQ DOJRULWKP LV JXDUDQWHHG WR OHDG WR RSWLPDO EHKDYLRU LW
LV UDUHO\ UHDVRQDEOH IRU HLWKHU FRPSXWHU VLPXODWLRQV RU UHDO RUJDQLVPV WR UHSHDWHGO\ YLVLW HYHU\
SRVVLEOH VWDWH LQ WKH VLPXODWHG HQYLURQPHQW EHFDXVH WKHUH DUH WRR PDQ\ GXH WR D FRPELQDWRULDO
H[SORVLRQ 7KH DFWLRQV UHTXLUHG WR SHUIRUP D WDVN HJ PDNLQJ D VDQGZLFK FRXOG EH SHUIRUPHG LQ
DQ\ QXPEHU RI WLPLQJV DQG RUGHUV HJ FRPELQLQJ WKH YDULRXV LQJUHGLHQWV ZKLFK RQHV VKRXOG EH
WRDVWHG ZKHWKHU WR XVH D NQLIH RU VSRRQ WR VSUHDG WRSSLQJV HWF 7KXV WKH LGHD RI YDOXH LWHUDWLRQ LV
QRW OLNHO\ WR EH ELRORJLFDOO\ SODXVLEOH RU D UHDVRQDEOH DSSUR[LPDWLRQ RI DQLPDO OHDUQLQJ 7KH VHULDO
QDWXUH RI WUDMHFWRULHV FDQ PLPLF OHDUQLQJ WKURXJK H[SHULHQFH ZLWK DQ HQYLURQPHQW DQGRU WKURXJK
H[SHULHQFH ZLWK D PHQWDO PRGHO RI DQ HQYLURQPHQW
0DWKHPDWLFDOO\ 5/ DOJRULWKPV DUH IRUPDOO\ FRQFHUQHG ZLWK PD[LPL]LQJ WKH WRWDO H[SHFWHG
UHLQIRUFHPHQW DQ DJHQW ZLOO REWDLQ 7KH VLPSOHVW OHDUQLQJ VLWXDWLRQ DUH WKRVH LQ ZKLFK HSLVRGHV KDYH
D VLQJOH DFWLRQ DIWHU ZKLFK UHLQIRUFHPHQW LV REWDLQHG EXW PRUH JHQHUDOO\ UHLQIRUFHPHQW LV REWDLQHG
DIWHU RQH RU PRUH DFWLRQV 5/ DOJRULWKPV JHQHUDOO\ XSGDWH UHZDUG SUHGLFWLRQV IRU D JLYHQ VWDWH XVLQJ
VRPH IRUP RI WKH 5HVFRUOD:DJQHU OHDUQLQJ UXOH 5HVFRUOD DQG :DJQHU  E\ FRPSDULQJ WKHLU
FXUUHQW UHZDUG SUHGLFWLRQV W\SLFDOO\ LQLWLDOL]HG WR ]HUR RU UDQGRP QXPEHUV DW WKH EHJLQQLQJ RI WKH
VLPXODWLRQ WR WKH UHZDUG WKDW LV DFWXDOO\ REWDLQHG GXULQJ WKH WUDQVLWLRQ WR WKH VXEVHTXHQW VWDWH
)RU PRUH GHWDLO RQ WKH 5HVFRUOD:DJQHU OHDUQLQJ UXOH VHH VHFWLRQ  RQ SDJH  7KLV GLIIHUHQFH
LV FDOOHG ³WHPSRUDOGLIIHUHQFH´ DQG WKH XVH RI WKLV GLIIHUHQFH WR XSGDWH YDOXHV LV FDOOHG WHPSRUDO
GLIIHUHQFH OHDUQLQJ
7KXV LQ JHQHUDO WKH WRWDO FXPXODWLYH YDOXH DVVRFLDWHG ZLWK DQ\ VWDWH RU LQ DOWHUQDWLYH IRUPX
ODWLRQV DFWLRQ IURP D SDUWLFXODU VWDWH LV

V (currentState) = WRWDO UHZDUG SUHGLFWHG IURP FXUUHQW6WDWH
V (currentState) = r0 + γr1 + γ
2r2 + γ
3r3 + γ
3r4 + . . .
V (currentState) = r0 + γ(r1 + γr2 + γ
2r3 + γ
3r4 + . . .)
V (currentState) = r0 + γV (nextState)
+HUH r UHIHUV WR UHLQIRUFHPHQW DQG γ ³JDPPD´ UHIHUV WR D GLVFRXQW IDFWRU WKDW FDQ EH VHW WR
D YDOXH OHVV WKDQ RQH VR WKDW LPPHGLDWH UHZDUG LV PRUH YDOXDEOH WKDQ IXWXUH UHZDUG ,I WKH YDOXH RI
D VWDWH GRHV QRW DGHTXDWHO\ SUHGLFW LWV IXWXUH UHZDUG WKH OHIW DQG ULJKW VLGHV RI WKH DERYH HTXDWLRQ
DUH QRW HTXDO 7KH GLIIHUHQFH LV FRQYHQWLRQDOO\ ZULWWHQ DV δ ³GHOWD´
δ = r0 + γV (nextState)− V (currentState)
Vnew(currentState) = V (currentState) + δ
)RU D VLPSOH H[DPSOH RI DQ 5/ SURJUDP DQG WKH W\SHV RI LQIRUPDWLRQ W\SLFDOO\ VWRUHG E\ DQ 5/
DJHQW VHH )LJXUH  SDJH 
7KH SUHFHGLQJ GLVFXVVLRQ KDV IRFXVHG RQ GHILQLQJ 5/ IURP WKH SHUVSHFWLYH RI FRPSXWHU VFLHQFH
UHVHDUFK +RZHYHU LW LV LPSRUWDQW WR QRWH WKDW UHVHDUFK RQ 5/ WDNHV SODFH LQ D YDULHW\ RI GLVFLSOLQHV
DQG LV PRWLYDWHG E\ ZLGHUDQJLQJ LQWHUHVWV ,Q QHXURVFLHQFH DQG SV\FKRORJ\ LQ SDUWLFXODU 5/ LV
VWXGLHG EHFDXVH LW LV D SRWHQWLDO H[SODQDWLRQ IRU KRZ EHKDYLRUV PD\ EH OHDUQHG WKURXJK SRVLWLYH
DQG QHJDWLYH IHHGEDFN 7KHUH DUH D QXPEHU RI UHDVRQV WKDW 5/ LV D SDUWLFXODUO\ LQWHUHVWLQJ IRUP RI
OHDUQLQJ RQ ZKLFK WR VWXG\ IURP D QHXURVFLHQFH SHUVSHFWLYH 2QH VSHFLILF UHDVRQ LV WKDW 5/ PRGHOV
FDQ EH LPSOHPHQWHG DQG PDNH VSHFLILF QXPHULFDO SUHGLFWLRQV DERXW EHKDYLRU 5/ VLPXODWLRQV RXW
SXW EHKDYLRUV WKDW FDQ EH FRPSDUHG GLUHFWO\ WR WKH EHKDYLRUV SHUIRUPHG E\ D KXPDQ (YHQ PRUH
LQWHUHVWLQJ IRU QHXURVFLHQFH UHVHDUFK LV WKDW WKH UHVXOW RI DQ LQWHUQDO FRPSXWDWLRQ UHTXLUHG E\ PRVW
5/ DOJRULWKPV ± WKH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ HUURU ± DSSHDUV WR EH WUDQVPLWWHG LQ WKH SKD
VLF DFWLYLW\ RI GRSDPLQHUHOHDVLQJ QHXURQV 7KXV 5/ VLPXODWLRQV DOVR RXWSXW YDOXHV WKDW FDQ EH
XVHG WR WHVW K\SRWKHVHV DERXW EUDLQ PHFKDQLVPV LQYROYHG LQ 5/ ,Q JHQHUDO 5/ RIIHUV D ULFK WKHR
UHWLFDO IUDPHZRUN IRU UHVHDUFK EHFDXVH RI D FRQYHUJHQFH RI UHVXOWV IURP EHKDYLRUDO QHXURVFLHQFH
QHXURDQDWRP\ IXQFWLRQDO QHXURLPDJLQJ FRPSXWHU VFLHQFH DQG PDWKHPDWLFV 7KLV FRQYHUJHQFH

KDV EHJXQ WR LPSURYH RXU XQGHUVWDQGLQJ DERXW KRZ SRVLWLYH DQG QHJDWLYH IHHGEDFN DOWHU WKH EUDLQ
DW WKH EHKDYLRUDO V\VWHPV DQG V\QDSWLF OHYHOV
0RUH UHFHQWO\ SRVVLEOH FRQQHFWLRQV EHWZHHQ 5/ DQG OHDUQLQJ LQ WKH EUDLQ KDV EHHQ LQYHVWLJDWHG
PRUH FORVHO\ 6WXGLHV VXJJHVW KRZ 5/PHFKDQLVPV FRXOG OHDG WR FRPSOH[ EHKDYLRUV WKDW RUJDQLVPV
SHUIRUP )RU H[DPSOH VLPXODWLRQV RI VLPSOH 5/ DJHQWV KDYH EHHQ VXFFHVVIXOO\ XVHG WR H[SODLQ
KRZ SHUFHSWXDO FRJQLWLYH DQG PRWRU SURFHVVHV PD\ EH OHDUQHG DQG FRRUGLQDWHG WR HQDEOH HIILFLHQW
LQWHOOLJHQW EHKDYLRU %DOODUG HW DO  %RWYLQLFN HW DO  /DXUHQW  5HLFKOH DQG /DXUHQW

7KH OLQN EHWZHHQ 5/ DQG FRPSXWDWLRQ LQ WKH EUDLQ KDV D EDVLV LQ QHXURSK\VLRORJ\ WKDW LV WKH
VWXG\ RI WKH HOHFWULFDO DFWLYLW\ RI FHOOV 1HXURSK\VLRORJ\ VWXGLHV KDYH VKRZQ WKDW D NH\ TXDQWLW\ LQ
5/ DOJRULWKPV WKH GLIIHUHQFH EHWZHHQ VXFFHVVLYH UHZDUG SUHGLFWLRQV RU ³UHZDUGSUHGLFWLRQ HUURU´
LV FRQYH\HG E\ WKH SKDVLF DFWLYLW\ RI GRSDPLQHUHOHDVLQJ QHXURQV FRQWUROOHG E\ WKH EDVDO JDQJOLD
)XQFWLRQDO 05, VWXGLHV KDYH PLUURUHG WKHVH ILQGLQJV LQ WKH EDVDO JDQJOLD RI KXPDQV VSHFLILFDOO\ LQ
WKH VWULDWXP ZKLFK LV RQH RI WKH PDLQ WDUJHWV RI GRSDPLQH UHOHDVH )XUWKHU QHXURDQDWRPLFDO VWXGLHV
VXJJHVW WKDW WKH EDVDO JDQJOLD QRW RQO\ PDLQWDLQ FRQQHFWLRQV ZLWK PRWRU FRQWURO UHJLRQV *HUDUGLQ
HW DO  EXW DOVR VKDUH WKH VDPH W\SHV RI FRQQHFWLRQV ZLWK FRJQLWLYH FRQWURO UHJLRQV /HKpULF\
HW DO DE /HLFKQHW]  0LGGOHWRQ DQG 6WULFN  
7RJHWKHU WKHVH SULRU UHVXOWV DOO SRLQW WR D VLQJOH DV RI \HW XQUHVROYHG TXHVWLRQ ZKLFK LV WKH
PDLQ IRFXV RI WKLV GLVVHUWDWLRQ $UH WKH EDVDO JDQJOLD LQYROYHG LQ WKH 5/ RI SK\VLFDO DQG FRJQLWLYH
DFWLRQV" 0RUH VSHFLILFDOO\ ZKHQ KXPDQV DUH UHLQIRUFHG IRU SHUIRUPLQJ DFWLRQV VXFK DV VDFFDGLF
H\HPRYHPHQWV DUH UHZDUGSUHGLFWLRQ HUURUV FRPSXWHG IRU HDFK VDFFDGH EDVHG RQ SUHYLRXVO\ VWRUHG
UHZDUG SUHGLFWLRQV" $UH WKH VDPH VLJQDWXUHV RI OHDUQLQJ SUHVHQW LI WKH DFWLRQV DUH ERG\ PRYHPHQWV
LH VNHOHWRPRWRU DV ZHOO DV QRQ PRWRULF ³DFWLRQV´ OLNH FRYHUW VKLIWV RI YLVXRVSDWLDO DWWHQWLRQ"
7KH H[SHULPHQWV SUHVHQWHG LQ &KDSWHU  RI WKLV GLVVHUWDWLRQ DUH DLPHG VTXDUHO\ DW DQVZHULQJ
WKHVH TXHVWLRQV 3HUIRUPLQJ WKHVH H[SHULPHQWV ZLOO DOVR DOORZ XV WR LQYHVWLJDWH ZKHWKHU GLVWLQFW
EDVDO JDQJOLD FLUFXLWV DUH LQYROYHG LQ 5/ IRU GLIIHUHQW W\SHV RI DFWLRQV SURYLGLQJ D VSHFLILF QHXUDO
VXEVWUDWH IRU WKH FRPSXWDWLRQV SRVLWHG E\ 5/ ,Q SDUWLFXODU WKH H[SHULPHQWV ZLOO \LHOG LQIRUPDWLRQ
DV WR ZKHWKHU WKH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ HUURUV LV GLIIHUHQWLDOO\ ORFDOL]HG LQ WKH VWULDWXP
GHSHQGLQJ RQ WKH W\SH RI DFWLRQ WKDW LV EHLQJ UHLQIRUFHG 7KLV LQIRUPDWLRQ FDQ WKHQ EH FRPSDUHG WR

ZKDW LV DOUHDG\ NQRZQ DERXW WKH IXQFWLRQDO RUJDQL]DWLRQ RI WKH EDVDO JDQJOLD WKURXJK DQDWRPLFDO
HOHFWURSK\VLRORJLFDO DQG QHXURLPDJLQJ VWXGLHV 7KH PDSSLQJ RI 5/ FRPSXWDWLRQV WR D QHXUDO QHW
ZRUN VXEVWUDWH ZLOO JHQHUDWH FRPSXWDWLRQDO DQG QHXURVFLHQWLILF LQVLJKWV LQWR KRZ WKH EUDLQ DFKLHYHV
FRQWURO RI LWVHOI DQG PD\ DOVR UHVXOW LQ WKH HYHQWXDO GHYHORSPHQW RI ILQHWXQHG GLDJQRVLV WHFKQLTXHV
IRU EDVDO JDQJOLD GLVRUGHUV
,W LV WKH KRSH WKDW FDUU\LQJ RXW D QHXURVFLHQWLILF VWXG\ RI WKH PDSSLQJ EHWZHHQ 5/ FRPSXWD
WLRQV DQG D SDUWLFXODU QHXUDO VXEVWUDWH ZLOO OHDG WR D QXPEHU RI WKHRUHWLFDO LQVLJKWV 2QH VXFK EHQHILW
LV WKH DELOLW\ WR PDNH VHQVH RI FHUWDLQ SDWWHUQV RI QHXUDO DFWLYLW\ WKDW PLJKW RWKHUZLVH EH GLIILFXOW
WR H[SODLQ )RU H[DPSOH LW LV NQRZQ WKDW WKH SKDVLF DFWLYLW\ RI GRSDPLQH QHXURQV GRHV QRW RQO\
WUDQVPLW UHZDUGSUHGLFWLRQ HUURUV EXW DOVR FRQYH\V QRQUHZDUGUHODWHG VLJQDOV OLNH SRVLWLYH SKDVLF
UHVSRQVHV WR QRYHO DQG VDOLHQW REMHFWV 7KHVH UHVSRQVHV DSSHDU WR EH LQFRPSDWLEOH ZLWK WKH K\SRWK
HVLV RI PDSSLQJ 5/ WR GRSDPLQH +RZHYHU JLYHQ WKH DVVXPSWLRQ WKDW SKDVLF GRSDPLQH LV LQYROYHG
LQ 5/ WKHRUHWLFDO VLPXODWLRQV FDQ VKRZ WKDW WKHVH QRQUHZDUG UHVSRQVHV FDQ EH UHFRQFLOHG ZLWK ±
DQG LQ IDFW FDQ HPHUJH IURP ± EDVLF 5/ SULQFLSOHV 7KLV TXHVWLRQ LV H[DPLQHG LQ PRUH GHWDLO LQ
&KDSWHU  DQG LQ DQ LQFOXGHG DUWLFOH /DXUHQW 
 +,6725< 2) 5(:$5'5(/$7(' /($51,1*
+LVWRULFDOO\ EHKDYLRUDO SV\FKRORJ\ VWXGLHV RI 5/ KDYH WKHLU URRWV DW WKH EHJLQQLQJ RI WKH WK
FHQWXU\ LQ H[SHULPHQWDO SDUDGLJPV GHYHORSHG E\ EHKDYLRUDO VFLHQWLVWV VXFK DV ,YDQ 3DYORY (GZDUG
7KRUQGLNH DQG ODWHU %) 6NLQQHU 5HLQIRUFHPHQW OHDUQLQJ UHODWHV PRVW GLUHFWO\ WR LQVWUXPHQWDO RU
RSHUDQW FRQGLWLRQLQJ %HIRUH GHVFULELQJ RSHUDQW FRQGLWLRQLQJ LW LV LPSRUWDQW WR GHVFULEH DQRWKHU
IRUP RI OHDUQLQJ WKDW LV WKRXJKW WR EH D FRPSRQHQW RI WKDW IRUP RI OHDUQLQJ 3DYORYLDQ RU FODVVLFDO
FRQGLWLRQLQJ
&ODVVLFDO FRQGLWLRQLQJ H[SHULPHQWV PDNH XVH RI WKH IDFW WKDW FHUWDLQ VWLPXOL HJ IRRG HOLFLW
UHIOH[LYH UHVSRQVHV HJ VDOLYDWLRQ 7KH H[SHULPHQWDO SURFHGXUH LQYROYHV LQWURGXFLQJ D FRQGL
WLRQLQJ VWLPXOXV HJ D EHOO LQ WKH DJHQW¶V HQYLURQPHQW SULRU WR WKH HOLFLWDWLRQ RI WKH UHIOH[LYH
UHVSRQVH 7KURXJK UHSHDWHG SUHVHQWDWLRQV RI WKH FRQGLWLRQLQJ VWLPXOXV DQG WKH HOLFLWDWLRQ RI WKH

UHIOH[LYH UHVSRQVH WKH FRQGLWLRQLQJ VWLPXOXV DORQH LV VXIILFLHQW IRU WKH UHVSRQGHQW WR JHQHUDWH WKH
UHIOH[LYH UHVSRQVH
2SHUDQW RU LQVWUXPHQWDO FRQGLWLRQLQJ ZDV LQYHVWLJDWHG E\ UHVHDUFKHUV VXFK DV 7KRUQGLNH DQG
6NLQQHU DQG LV PRUH GLUHFWO\ UHODWHG WR ZKDW LV FXUUHQWO\ WHUPHG µUHLQIRUFHPHQW OHDUQLQJ¶ 7KH SULQ
FLSDO GLIIHUHQFH EHWZHHQ FODVVLFDO DQG LQVWUXPHQWDO FRQGLWLRQLQJ LV WKDW LQ LQVWUXPHQWDO FRQGLWLRQ
LQJ D EHKDYLRUDO UHVSRQVH LV UHTXLUHG EHIRUH WKH HOLFLWLQJ HYHQW LH WKH µUHZDUG¶ LQ UHLQIRUFHPHQW
OHDUQLQJ SDUODQFH ZDV SURYLGHG 7KH PRVW FRPPRQ H[DPSOH LV WKDW RI D UDW SUHVVLQJ D OHYHU LQ
RUGHU WR REWDLQ D IRRG SHOOHW
0DQ\ SDUDGLJPV ZHUH GHYHORSHG EDVHG RQ WKH LQLWLDO ILQGLQJV RI WKHVH UHVHDUFKHUV ZLWK GLIIHU
HQW DQLPDO VSHFLHV 5HVXOWV IURP WKHVH VWXGLHV KDYH YDOLGDWHG WKH FRQFHSW RI UHLQIRUFHPHQW OHDUQLQJ
IRU D YDULHW\ RI EHKDYLRUV DQG VWLPXOL 7KURXJK WKHVH H[SHULPHQWV D QXPEHU RI LQWHUHVWLQJ SKHQRP
HQD KDYH DOVR EHHQ GLVFRYHUHG )RU H[DPSOH ZKLOH VWXG\LQJ WKH LPSRUWDQFH RI WKH WHPSRUDO UHOD
WLRQVKLS EHWZHHQ FRQGLWLRQLQJ VWLPXOL DQG WKH HOLFLWLQJ VWLPXOXV RU EHKDYLRU D UHVHDUFKHU QDPHG
/HRQ .DPLQ REVHUYHG WKDW LI RQH VWLPXOXV KDG EHHQ FRQGLWLRQHG QR OHDUQLQJ ZRXOG RFFXU LI D VHF
RQG VWLPXOXV ZDV VLPXOWDQHRXVO\ SUHVHQWHG 7KLV SKHQRPHQRQ GLVFRYHUHG LQ WKH ODWH V ZDV
WHUPHG EORFNLQJ 7KLV VXUSULVLQJ UHVXOW VKRZHG WKDW WKH WHPSRUDO RUGHU LH WKH IDFW WKDW D VWLPXOXV
SUHFHGHG UHZDUG ZDV QRW VXIILFLHQW WR JHQHUDWH OHDUQLQJ
,Q WKH IROORZLQJ GHFDGH VRPH RI WKHVH SULQFLSOHV RI UHLQIRUFHPHQW ZHUH IRUPDOL]HG LQWR ZKDW
EHFDPH NQRZQ DV WKH 5HVFRUOD:DJQHU UXOH 5HVFRUOD DQG :DJQHU  7KH 5HVFRUOD:DJQHU
UXOH LV DQ DSSOLFDWLRQ RI WKH :LGURZ 	 +RII GHOWD UXOH WR FDSWXUH WKH LGHD WKDW  OHDUQLQJ LV EDVHG
RQ WKH GLVFUHSDQF\ EHWZHHQ WKH H[SHFWHG DQG DFWXDO UHZDUG DQG WKDW  RQFH WKH UHZDUG RU HOLFLWLQJ
VWLPXOXV KDV EHFRPH IXOO\ SUHGLFWHG OHDUQLQJ QR ORQJHU RFFXUV 7KLV IRUPDOL]DWLRQ ZDV SDUWLFXODUO\
HIIHFWLYH ± LW DGHTXDWH FDSWXUHV D QXPEHU RI SDWWHUQV RI EHKDYLRU UHLQIRUFHPHQW OHDUQLQJ LQFOXGLQJ
EORFNLQJ +RZHYHU WKHUH DUH D QXPEHU RI EHKDYLRUV WKDW LW GRHV QRW H[SODLQ ,Q SDUWLFXODU LW GRHV QRW
H[SODLQ D SDUWLFXODU IRUP RI XQEORFNLQJ EHKDYLRU FDOOHG GRZQVKLIWLQJ +ROODQG  $V ZLOO EH
GHVFULEHG LQ GHWDLO ODWHU 6HFWLRQ  RQ SDJH  GRZQVKLIWLQJ UHIHUV WR D IRUP RI XQEORFNLQJ
WKDW LV SUHGLFWHG E\ 5HVFRUOD:DJQHU WR OHDG WR QHJDWLYH LH DYHUVLYH YDOXHV DVVRFLDWHG ZLWK
SUHYLRXVO\ EORFNHG FRQGLWLRQLQJ VWLPXOL 2QH FRQWULEXWLRQ RI WKH SUHVHQW GLVVHUWDWLRQ UHVHDUFK ZLOO
EH D SURSRVHG H[WHQVLRQ WR WKH 5HVFRUOD:DJQHU OHDUQLQJ UXOH WKDW LV MXVWLILHG E\ WKH H[SHULPHQWDO

GDWD DQG RYHUFRPHV WKLV OLPLWDWLRQ
7KXV D QXPEHU RI H[SHULPHQWDO SDUDGLJPV KDYH EHHQ GHYHORSHG RYHU WKH SDVW VHYHUDO GHFDGHV
DLPHG DW VWXG\LQJ EHKDYLRUDO UHLQIRUFHPHQW OHDUQLQJ LQ QRQKXPDQ VSHFLHV 7KHVH VWXGLHV KDYH
JLYHQ ULVH WR PDWKHPDWLFDO GHVFULSWLRQV RI OHDUQLQJ ZKLFK KDYH LQ WXUQ LQIRUPHG 5/ WKHRU\ +RZ
HYHU PDQ\ TXHVWLRQV UHPDLQ DERXW KRZ WKH EUDLQ LPSOHPHQWV UHZDUGUHODWHG OHDUQLQJ SDUWLFXODUO\
LQ KXPDQV
 29(59,(:
7KLV GLVVHUWDWLRQ LV GLYLGHG LQWR ILYH FKDSWHUV 7KH FXUUHQW FKDSWHU LQWURGXFHV WKH WKHRUHWLFDO DQG
H[SHULPHQWDO VWXG\ RI OHDUQLQJ RXU XQGHUVWDQGLQJ RI WKH EUDLQ DQG UHPDLQLQJ FKDOOHQJHV &KDSWHU 
SURYLGHV EDFNJURXQG PDWHULDO LQFOXGLQJ EDFNJURXQG RQ DFFRXQWV RI OHDUQLQJ SULRU QHXURVFLHQWLILF
ILQGLQJV DQG FRPSXWDWLRQDO PRGHOV WKDW KDYH EHHQ XVHG WR VWXG\ OHDUQLQJ &KDSWHU  PRWLYDWHV
DQG GHVFULEHV EHKDYLRUDO FRPSXWDWLRQDO DQG QHXURLPDJLQJ ZRUN DLPHG DW XQGHUVWDQGLQJ KRZ D
SDUWLFXODU VHW RI EUDLQ VWUXFWXUHV QDPHO\ WKH EDVDO JDQJOLD PHGLDWH OHDUQLQJ WKURXJK UHLQIRUFHPHQW
RI SK\VLFDO DQG FRJQLWLYH DFWLRQV WKDW FRPSULVH PRUH FRPSOH[ EHKDYLRUV 7KH GHVFULSWLRQ RI WKH
H[SHULPHQW DQG LWV UHVXOWV LV IROORZHG E\ D GLVFXVVLRQ RI WKH LPSOLFDWLRQV RI WKH ILQGLQJV IRU OHDUQLQJ
WKHRULHV
&KDSWHU  DGGUHVVHV WKH UROH RI WKH EDVDO JDQJOLD LQ QRYHOW\ DQG VDOLHQF\ VLJQDOV ZKLFK DUH
TXDOLWDWLYHO\ GLIIHUHQW IURP UHZDUGUHODWHG OHDUQLQJ VLJQDOV GHVFULEHG LQ &KDSWHU  7KH FKDSWHU
LQFOXGHV DQ DUWLFOH LQ ZKLFK FRPSXWDWLRQDO VLPXODWLRQV RI 5/ DJHQWV DUH XVHG WR H[DPLQH ZKHWKHU
QRYHOW\VDOLHQF\ VLJQDOV FDQ EH H[SODLQHGZLWKLQ DQ 5/ IUDPHZRUN 7KH VLPXODWLRQV UHSRUWHG LQ WKDW
FKDSWHU VKRZ WKDW QRYHOW\ DQG VDOLHQF\ UHVSRQVHV FDQ HPHUJH IURP DQ 5/ DJHQW LQ DQ HQYLURQPHQW
ZKHUH LWV SHUFHSWXDO FDSDELOLWLHV DUH OLPLWHG 7KH FKDSWHU DOVR GLVFXVVHV KRZ WKLV DSSDUHQW GXDO
IXQFWLRQ RI WKH EDVDO JDQJOLD GRYHWDLOV ZLWK WKH K\SRWKHVLV RI SKDVLF GRSDPLQH DV D VLJQDO RI ERWK
UHZDUGSUHGLFWLRQ HUURU DQG VDOLHQF\
&KDSWHU  VXPPDUL]HV WKH ZRUN LQ WKH GLVVHUWDWLRQ DQG RIIHUV VRPH FRQFOXVLRQV

 5/ $6 $ 02'(/ 2) %$6$/ *$1*/,$ )81&7,21
5/ RULJLQDWHV LQ PDFKLQH OHDUQLQJ DQG FRPSXWHU VFLHQFH EXW KDV EHHQ PRUH UHFHQWO\ DSSOLHG WR
SV\FKRORJ\ DQG QHXURVFLHQFH 5/ LV D XVHIXO WKHRUHWLFDO IUDPHZRUN IRU QHXURVFLHQFH UHVHDUFK IRU
D QXPEHU RI UHDVRQV 2QH UHDVRQ LV WKDW LW PDNHV TXDQWLWDWLYH SUHGLFWLRQV DERXW KRZ KLVWRULHV RI
UHLQIRUFHPHQW VKRXOG LQIOXHQFH EHKDYLRU 7R WKH H[WHQW WKDW RUJDQLVPV JHQHUDOO\ SURGXFH EHKDYLRUV
DLPHG DW PD[LPL]LQJ WKHLU UHLQIRUFHPHQW 5/ VKRXOG EH D JRRG GHVFULSWLRQ RI WKH EHKDYLRUV RI WKRVH
RUJDQLVPV
7KHPDLQ QHXURVFLHQWLILF LQWHUHVW LQ 5/ FRPHV IURP SRVVLELOLW\ WKDW 5/PD\ H[SODLQ ERWK DQLPDO
EHKDYLRU DV ZHOO DV SDWWHUQV RI QHXUDO DFWLYLW\ LQ D EHKDYLQJ DQLPDO¶V EUDLQ 0XFK UHVHDUFK KDV EHHQ
DLPHG DW LQYHVWLJDWLQJ ZKHWKHU WKH UHVXOWV RI SDUWLFXODU FRPSXWDWLRQV LQ 5/ QDPHO\ WKH FDOFXODWLRQ
RI WKH GLIIHUHQFH EHWZHHQ H[SHFWHG DQG UHFHLYHG UHLQIRUFHPHQW FDQ EH PDSSHG WR QHXUDO VXEVWUDWHV
,Q 5/ SDUODQFH WKLV TXDQWLW\ LV FDOOHG ³UHZDUGSUHGLFWLRQ HUURU´ $V ZLOO EH GHVFULEHG EHORZ DV
ZHOO DV LQ 6HFWLRQ  H[SHULPHQWDO HOHFWURSK\VLRORJLFDO DQG QHXURLPDJLQJ HYLGHQFH KDV EHJXQ WR
HPHUJH ZKLFK VXJJHVWV D OLQN EHWZHHQ WKLV TXDQWLW\ DQG WKH EHKDYLRU RI FHUWDLQ QHXURWUDQVPLWWHUV
$OWKRXJK UHZDUGSUHGLFWLRQ HUURU FDQ EH H[SUHVVHG PDWKHPDWLFDOO\ DQG ZLOO EH EHORZ LW LV
DW WKLV SRLQW XVHIXO WR FRQVLGHU LWV TXDOLWDWLYH SURSHUWLHV
 :KHQ DQ XQSUHGLFWHG UHZDUG RFFXUV UHZDUGSUHGLFWLRQ HUURU LV SRVLWLYH
 :KHQ D SUHGLFWHG UHZDUG RFFXUV UHZDUGSUHGLFWLRQ HUURU LV ]HUR QRQH[LVWHQW
 :KHQ D SUHGLFWHG UHZDUG IDLOV WR RFFXU UHZDUGSUHGLFWLRQ HUURU LV QHJDWLYH
 )RU WHPSRUDOGLIIHUHQFH OHDUQLQJ :KHQ SRVLWLYH RU QHJDWLYH UHLQIRUFHPHQW LV SUHGLFWHG D FRU
UHVSRQGLQJ UHZDUGSUHGLFWLRQ HUURU VLJQDO VKRXOG DSSHDU DW WKH HDUOLHVW FXH WKDW UHOLDEO\ SUHGLFWV
WKDW UHLQIRUFHPHQW
,PSRUWDQWO\ WKH PDJQLWXGH RI WKHVH VLJQDOV DUH K\SRWKHVL]HG WR EH SURSRUWLRQDO WR WKH TXDQWLWD
WLYH GLIIHUHQFH EHWZHHQ SUHGLFWHG DQG REWDLQHG UHLQIRUFHPHQW LH WKH\ DUH QRW ³DOORUQRWKLQJ´
7KLV KROGV VR ORQJ DV WKDW FXH LWVHOI LV QRW SUHGLFWDEOH 7HPSRUDO GLIIHUHQFH OHDUQLQJ PHFKDQLVPV DWWHPSW WR SUHGLFW
ERWK SULPDU\ UHLQIRUFHPHQW DV ZHOO DV VHFRQGDU\ UHLQIRUFHPHQW ZKLFK LV H[SUHVVHG LQ WHUPV RI SUHGLFWHG FXHV RU VWDWHV
WKDW WKHPVHOYHV SUHGLFW UHLQIRUFHPHQW 7KXV IRU H[DPSOH LI D UHZDUG FXH LV HQWLUHO\ SUHGLFWHG E\ DQRWKHU FXH VXFK DV
DQ LQVWUXFWLRQ FXH LW FDQ EH GHPRQVWUDWHG WKDW UHZDUGSUHGLFWLRQ HUURUV RFFXU WR WKH LQVWUXFWLRQ FXH UDWKHU WKDQ WR WKH
UHZDUG FXH LQ WHPSRUDOGLIIHUHQFH OHDUQLQJ PRGHOV

%HFDXVH 5/ DOJRULWKPV SRVLW WKDW WKHVH QXPHULFDO SUHGLFWLRQV DUH FRQWLQXDOO\ EXW JUDGXDOO\ XS
GDWHG RQ HDFK WULDO RI WKH H[SHULPHQW 5/ SUHGLFWV WKDW WKHUH ZLOO EH FRQWLQXRXVO\YDOXHG VLJQDOV
SUHVHQW GXULQJ WKH FRXUVH RI OHDUQLQJ 7R WHVW WKHVH SUHGLFWLRQV D PDWKHPDWLFDO PRGHO FDQ EH VLPX
ODWHG WKDW JHQHUDWHV WKHVH FRQWLQXRXV YDOXHV DQG WKDW DQDO\VLV HQWDLOV ORRNLQJ IRU FRUUHODWLRQV ZLWK
WKH VHTXHQFH RI FRQWLQXRXV YDOXHV DV OHDUQLQJ SURFHHGV 7KH PRVW FRPPRQ ZD\ WR JHQHUDWH UHJUHV
VRUV IRU WKLV DQDO\VLV LV WR ZULWH D FRPSXWHU SURJUDP WR VLPXODWH WKH 5/ DJHQW WKDW ³JRHV WKURXJK
WKH PRWLRQV´ WKDW WKH KXPDQ SDUWLFLSDQW ZHQW WKURXJK LH REVHUYHV WKH VDPH VWLPXOL SHUIRUPV WKH
VDPH DFWLRQV DQG UHFHLYHV WKH VDPH UHLQIRUFHPHQW 7KLV XVH RI 5/ VLPXODWLRQV WR PDNH PRPHQW
WRPRPHQW SUHGLFWLRQV DERXW ODWHQW EUDLQ DFWLYLW\ LV FRQVLGHUHG D IRUP RI ³PRGHOEDVHG DQDO\VLV´
VHH VHFWLRQ  SDJH 
7KH REVHUYDWLRQ RI UHZDUGSUHGLFWLRQ HUURU UHODWHG VLJQDOV LQ WKH EDVDO JDQJOLD KDV OHG WR JURZ
LQJ LQWHUHVW LQ WKH SRVVLEOH FRQQHFWLRQ EHWZHHQ WKH EDVDO JDQJOLD DQG 5/ DOWKRXJK FXUUHQW XQGHU
VWDQGLQJ LV IDU IURP FRPSOHWH (YLGHQFH KDV VWDUWHG WR DFFXPXODWH VXJJHVWLQJ WKDW WKH EDVDO JDQJOLD
DUH LQYROYHG LQ WKH UHLQIRUFHPHQW RI SK\VLFDO DFWLRQV &ODVVLFDOO\ WKH PDMRULW\ RI ILQGLQJV IRFXV RQ
WKH QXFOHXV DFFXPEHQV WKH DQWHULRU DQG YHQWUDO SRUWLRQ RI WKH VWULDWXP ZKHUH WKH FDXGDWH QXFOHXV
DQG SXWDPHQ PHHW DV WKH ORFXV RI UHZDUGSUHGLFWLRQ HUURU SURFHVVLQJ DOWKRXJK PRUH UHFHQWO\ WKHUH
KDV EHHQ LQFUHDVHG IRFXV RQ WKH GRUVDO VWULDWXP $WDOODK HW DO  %DOOHLQH HW DO  'HOJDGR
HW DO  2¶'RKHUW\ HW DO  9RONRZ HW DO 
'HVSLWH WKLV LQWHUHVW LW LV VWLOO QRW FOHDU KRZ WKH QXFOHXV DFFXPEHQV RU WKH VWULDWXP LQ JHQHUDO
PLJKW IXQFWLRQ WR DVVRFLDWH UHZDUGV ZLWK SDUWLFXODU VWDWHV RU DFWLRQV $QVZHULQJ WKLV TXHVWLRQ LV
FULWLFDO WR LPSURYLQJ RXU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ WKH EDVDO JDQJOLD DQG 5/ $W
LWV FRUH 5/ LV DERXW DOORZLQJ UHLQIRUFHPHQW WR JXLGH DFWLRQ VHOHFWLRQ DQG WKHUHIRUH PDSSLQJ 5/
WR WKH EUDLQ UHTXLUHV D GHVFULSWLRQ RI KRZ UHLQIRUFHPHQW LV OHDUQHG DQG KRZ VWRUHG YDOXHV FDQ EH
XVHG WR GHWHUPLQH ZKLFK DFWLRQV WR H[HFXWH
7KLV GLVVHUWDWLRQ SURSRVHV WKDW LQ FRQWUDVW WR WKH LGHD WKDW WKH QXFOHXV DFFXPEHQV PHGLDWHV
DOO UHLQIRUFHPHQW WKDW GLVWLQFW UHJLRQV RI WKH VWULDWXP DUH LQYROYHG LQ UHLQIRUFLQJ GLVWLQFW NLQGV RI
DFWLRQV 7KLV LGHD LI FRUUHFW ZRXOG SURYLGH D SRWHQWLDO DQVZHU WR WKLV TXDQGDU\ EHFDXVH LW ZRXOG
VXJJHVW WKDW DFWLRQV DUH UHLQIRUFHG E\ PDNLQJ FKDQJHV WR SDUWLFXODU SDUWV RI WKH VWULDWXP HJ SDUWV
RI WKH VWULDWXP WKDW DUH DQDWRPLFDOO\ FRQQHFWHG WR WKH QHRFRUWLFDO UHJLRQV FRQWUROOLQJ WKRVH DFWLRQV

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$OWKRXJK 5/ LV D FRPSXWDWLRQDOO\ DSSHDOLQJ IUDPHZRUN IRU XQGHUVWDQGLQJ EDVDO JDQJOLD IXQFWLRQ
WKHUH DUH VRPH LPSRUWDQW FKDOOHQJHV WR LWV DFFHSWDQFH E\ WKH EURDGHU QHXURVFLHQFH FRPPXQLW\ $
JHQHUDO FKDOOHQJH DULVHV GXH WR WKH VKHHU QXPEHU RI 5/ DOJRULWKPV WKDW H[LVW ± FRJQLWLYH QHXURVFL
HQWLVWV DUH HVSHFLDOO\ LQWHUHVWHG LQ VWXG\LQJ 5/ DOJRULWKPV WKDW DUH ELRORJLFDOO\SODXVLEOH LH WKDW
FDQ EH LPSOHPHQWHG XVLQJ QHXURQDO PHFKDQLVPV WKDW DUH NQRZQ WRGD\ +RZHYHU HYHQ ZLWKLQ WKLV
FRQVWUDLQW WKH IROORZLQJ FKDOOHQJHV KLJKOLJKW WKH QHHG IRU FRQWLQXLQJ UHVHDUFK LQWR EUDLQ PHFKD
QLVPV RI 5/ ([SHULPHQWDO DQG FRPSXWDWLRQDO UHVXOWV SUHVHQWHG LQ WKLV GLVVHUWDWLRQ ZLOO EH GLVFXVVHG
ZLWK UHVSHFW WR WKHVH FKDOOHQJHV
([SORUDWLRQ DQG H[SORLWDWLRQ ([SORUDWLRQ YHUVXV H[SORLWDWLRQ GHVFULEHV D WUDGHRII WKDW LV
UHOHYDQW LQ PDQ\ IRUPV RI 5/ DOJRULWKPV LQFOXGLQJ WKH WUDMHFWRU\ VDPSOLQJ DOJRULWKP PHQWLRQHG
SUHYLRXVO\ ([SORLWDWLRQ UHIHUV WR WKH QRWLRQ WKDW WR PD[LPL]H UHZDUG D 5/ DJHQW VKRXOG VHOHFW
DFWLRQV WKDW KDYH OHG WR JRRG RXWFRPHV LQ WKH SDVW )RU H[DPSOH D VLPSOH LPSOHPHQWDWLRQ RI WKLV
LGHD LV WKH SROLF\ WKDW VWDWHV VHOHFW WKH DFWLRQ OHDGLQJ WR WKH VWDWH ZLWK WKH PD[LPXP UHZDUG ([
SORUDWLRQ RQ WKH RWKHU KDQG UHIHUV WR WKH QRWLRQ WKDW WR PD[LPL]H UHZDUG DQ 5/ DJHQW VKRXOG DOVR
VRPHWLPHV VHOHFW DFWLRQV WKDW KDYH QRW EHHQ WULHG EHIRUH EHFDXVH WKH\ PD\ OHDG WR EHWWHU RXWFRPHV
WKDQ SUHYLRXVO\ REWDLQHG 7KXV H[SORUDWLRQ DQG H[SORLWDWLRQ PDQLIHVW WKHPVHOYHV WKURXJK HIIHFWV
RQ WKH DJHQW¶V REVHUYDEOH EHKDYLRU DQG RQ WKH LQWHUQDO FRPSXWDWLRQV SHUIRUPHG
%HFDXVH H[SORUDWLRQ DQG H[SORLWDWLRQ KDYH HIIHFWV RQ EHKDYLRU H[KLELWHG E\ 5/ DJHQWV LH WKH
VSHFLILF VHTXHQFH RI VHOHFWHG DFWLRQV DV ZHOO DV RQ WKH LQWHUQDO FRPSXWDWLRQV SHUIRUPHG E\ WKHVH
DJHQWV LH WKH VSHFLILF VHTXHQFH RI UHZDUGSUHGLFWLRQ XSGDWHV GXH WR WKH UHFHLYHG RXWFRPHV XQ
GHUVWDQGLQJ WKHVH SDUDPHWHUV LQ KXPDQV LV DQ LPSRUWDQW FKDOOHQJH WR 5/ DV D PRGHO RI EDVDO JDQ
JOLD IXQFWLRQ 7KHUH DUH D QXPEHU RI SRVVLEOH PHFKDQLVPV WKDW FRXOG EH VLQJO\ RU MRLQWO\ LQYROYHG
LQ LPSOHPHQWLQJ WKHVH SDUDPHWHUV LQ KXPDQV 2QH SRVVLELOLW\ LV WKDW WKH KLSSRFDPSXV JLYHQ LWV
LQYROYHPHQW LQ H[SORUDWRU\ ORFRPRWLRQ PD\ GULYH H[SORUDWRU\ EHKDYLRU ,W LV NQRZQ WKDW WKH KLS
SRFDPSXV UHSOD\V VHTXHQFHV RI VHQVRU\ DQGRU PRWRU H[SHULHQFHV IURP WKH GD\ GXULQJ VOHHS DQG
WKDW WKHVH UHSOD\V WULJJHU DFWLYLW\ LQ WKH VWULDWXP 3HQQDUW] HW DO  DQG WKDW WKH KLSSRFDPSXV
LV LQYROYHG LQ H[SORUDWRU\ EHKDYLRU *RRG DQG +RQH\  7KLQXV%ODQF HW DO  $QRWKHU

SRVVLELOLW\ LV WKDW DFWLYDWLRQ RI WKH FKROLQHUJLF V\VWHP PD\ GULYH D VZLWFK EHWZHHQ H[SORUDWRU\ DQG
H[SORLWDWLYH EHKDYLRUV JLYHQ WKDW DFHW\OFKROLQH DSSHDUV WR EH LQYROYHG LQ WKH VWRUDJH YHUVXV UH
WULHYDO RI PHPRULHV 'R\D  $ WKLUG SRVVLELOLW\ LV WKDW WKH H[SORUDWLRQ DQG H[SORLWDWLRQ DULVH
GXH WR DFWLYDWLRQ RI WKH GRSDPLQH V\VWHP LWVHOI VXFK DFWLYDWLRQ E\ QRYHO VWLPXOL FRXOG JLYH ULVH
WR H[SORUDWRU\ EHKDYLRUV :LWWPDQQ HW DO  )LQDOO\ WKH SUHIURQWDO FRUWH[ PD\ FRQWURO H[SOR
UDWLRQ LQ VRPH FLUFXPVWDQFHV SUHVXPDEO\ XVLQJ ZRUNLQJ PHPRU\ WR NHHS WUDFN RI ZKLFK DFWLRQV
RU ORFDWLRQV KDG EHHQ SUHYLRXVO\ YLVLWHG
2IIOLQH 5/ 7KH SUHYLRXV SRLQW UHODWHV VSHFLILFDOO\ WR RQOLQH UHLQIRUFHPHQW ZKLOH DQ DJHQW LV
EHKDYLQJ GXULQJ SHULRGV RI ZDNHIXOQHVV ,W LV DOVR SRVVLEOH WKDW DJHQWV FDQ OHDUQ IURP UHLQIRUFHPHQW
LQ DQ RIIOLQH PDQQHU HJ GXULQJ SHULRGV RI UHVW 5/ DOJRULWKPV FRXOG EHQHILW IURP H[SORUDWLRQ
ZLWKLQ D SUHYLRXVO\ OHDUQHG PRGHO RI WKH HQYLURQPHQW UDWKHU WKDQ WKURXJK GLUHFW H[SHULHQFH ZLWK
WKH HQYLURQPHQW ,QGHHG EUDLQ PHFKDQLVPV VXFK DV KLSSRFDPSDO UHSOD\ RI SUHYLRXVO\ H[SHULHQFHG
HYHQW VHTXHQFHV FRXOG FRQWULEXWH WR EHWZHHQVHVVLRQ OHDUQLQJ WKURXJK KLSRFDPSDOVWULDWDO SURMHF
WLRQV -RKQVRQ DQG 5HGLVK  /DQVLQN HW DO  3HQQDUW] HW DO  7KXV IXWXUH VWXGLHV
FRXOG EH SHUIRUPHG WR TXDQWLI\ WKH H[WHQW WR ZKLFK RIIOLQH OHDUQLQJ RFFXUV DQG WKH EUDLQ PHFKD
QLVPV DQG DOJRULWKPV WKDW XQGHUO\ VXFK RIIOLQH OHDUQLQJ
1HXUDO 1HWZRUN ,PSOHPHQWDWLRQV RI 5/ $Q LPSRUWDQW SDUW RI PDSSLQJ D FRPSXWDWLRQDO
IUDPHZRUN WR WKH EUDLQ LQYROYHV XQGHUVWDQGLQJ KRZ D QHXUDO QHWZRUN PLJKW EH DEOH WR LPSOHPHQW
WKRVH FRPSXWDWLRQV 2QH DSSURDFK LV WR H[DPLQH LPSOHPHQWDWLRQV RI 5/ LQ DUWLILFLDO QHXUDO QHW
ZRUNV $ QXPEHU RI VXFK QHWZRUN LPSOHPHQWDWLRQV RI 5/ KDYH EHHQ SURSRVHG DQG D IHZ RI WKHVH
KDYH EHHQ VXFFHVVIXO LQ D SDUWLFXODU GRPDLQ HJ 7HVDXUR  LQ EDFNJDPPRQ +RZHYHU LQ
FRPPRQ SUDFWLFH LW KDV EHHQ IRXQG WKDW 5/ LQ QHXUDO QHWZRUNV LV HLWKHU WRR VORZ LH UHTXLULQJ D
YHU\ ODUJH QXPEHU RI WUDLQLQJ WULDOV DW VPDOO OHDUQLQJ UDWHV RU WRR XQVWDEOH LH WKH ZHLJKWV FDQ
VDWXUDWH RU RVFLOODWH ZLOGO\ DW KLJK OHDUQLQJ UDWHV 7KXV DQ RSHQ FKDOOHQJH LV WR GHWHUPLQH ZKDW DV
SHFWV RI EDVDO JDQJOLD FLUFXLWU\ PLJKW EH LQYROYHG LQ DFFHOHUDWLQJ DQG VWDELOL]LQJ 5/ 2QH SRVVLELOLW\
LV WKDW WKH LQWHJUDWLRQ RI HUURUFRUUHFWLQJ JUDGLHQW GHVFHQW ZLWK 5/ JUDGLHQW GHVFHQW PD\ DFFHOHUDWH
5/ 6XFK DQ DSSURDFK ZDV XVHG LQ WKH UHVLGXDO DOJRULWKP IRU 5/ %DLUG  7KH FRPELQDWLRQ
RI HUURUFRUUHFWLRQ DQG UHZDUGSUHGLFWLRQ JUDGLHQWV LV QRYHO DQG JLYHQ WKH WKHRULHV VXJJHVWLQJ WKDW
WKH FHUHEHOOXP LV LQYROYHG LQ HUURUFRUUHFWLQJ OHDUQLQJ WKLV DOJRULWKP SRLQWV WR SRWHQWLDO IXWXUH UH

VHDUFK LQWR WKH FRQWULEXWLRQV RI WKH FHUHEHOOXP WR 5/ LQ WKH EDVDO JDQJOLD 7KLV DYHQXH RI UHVHDUFK
PD\ EH IUXLWIXO EHFDXVH LW KDV DOUHDG\ EHHQ GHPRQVWUDWHG WKDW WKHUH LV D GLUHFW FRQQHFWLRQ EHWZHHQ
WKH FHUHEHOOXP DQG EDVDO JDQJOLD HJ +RVKL HW DO 

 0  0     0  0
 0  0     0  0
 0  0  0  0  0
 0  0  0  0  0
 0  0  0  0  0
 0  0     0  0
 0  0     0 -1
 0  0  0 -1 -1
 0  0  0 -1  0
-1 -1 -1 -1  0
 0  0     0  0
 0  0     0 -1
 0  0  0 -2 -2
 0  0  0 -2  0
-2 -2 -2 -2  0
 0  0     0  0
 0  0     0 -1
 0  0  0 -3 -2
 0  0  0 -2  0
-2 -2 -2 -0  0
-8 -7    -1  0
-7 -6    -2 -1
-6 -5 -4 -3 -2 
-7 -6 -5 -4 -3
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x
Initial Value Function Example Trajectory After one trajecory
After two trajectories After three trajectories After infinity trajectories
)LJXUH  :KDW LV /HDUQHG LQ 6LPSOH 5HLQIRUFHPHQW /HDUQLQJ 5/ 3UREOHP ,Q WKLV SURE
OHP WKHUH LV D JRDO VWDWH LQ WKH XSSHUOHIW RI WKH PD]H $ ³UHLQIRUFHPHQW IXQFWLRQ´ LV GHILQHG VR WKDW
WKH DJHQW UHFHLYHG D  LH QHJDWLYH UHLQIRUFHPHQW IRU HYHU\ PRYHPHQW LQ WKH PD]H 7KH DJHQW
LV FRQILJXUHG WR VHOHFW DFWLRQV OHDGLQJ WR KLJK UHZDUGV 5/ HTXDWLRQV RQ WKH OHIW GHILQH WKH YDOXH
IXQFWLRQ DV WKH VXP RI FXPXODWLYH H[SHFWHG UHZDUGV 'LIIHUHQFHV EHWZHHQ VXFFHVVLYH UHZDUG SUH
GLFWLRQV DUH XVHG WR OHDUQ IURP H[SHULHQFH ,Q WKLV FDVH H[SHULHQFH LV REWDLQHG WKURXJK ³WUDMHFWRU\
VDPSOLQJ´ LQ ZKLFK D VLPXODWHG DJHQW EHJLQV DW VRPH VWDWH LQ WKH VWDWH VSDFH DQG VHOHFWV HLWKHU WKH
EHVW DFWLRQ RU ZLWK VRPH VPDOO SUREDELOLW\ D UDQGRP H[SORUDWRU\ DFWLRQ $Q H[DPSOH WUDMHFWRU\ LV
VKRZQ LQ WKH FHQWHUWRS SDQHO )RU VLPSOLFLW\ LQ WKLV H[DPSOH WKLV H[DFW WUDMHFWRU\ ZLOO EH VHOHFWHG
RQ WKUHH VXEVHTXHQW WULDOV $IWHU D VXIILFLHQW QXPEHU RI WUDMHFWRULHV WKURXJK WKH VWDWH VSDFH D YDOXH
IXQFWLRQ OLNH WKH RQH GLVSOD\HG DW WKH ERWWRP ULJKW KDV EHHQ OHDUQHG DQG WKH 5/ SUREOHP LV ³VROYHG´
7KH DJHQW FDQ IROORZ DQ RSWLPDO SDWK WR WKH JRDO VWDWH IURP DQ\ SRLQW LQ WKH VWDWH VSDFH E\ VLPSO\
VHOHFWLQJ DFWLRQV WKDW OHDG WR WKH QH[W EHVW VWDWH LH E\ VHOHFWLQJ WKH VWDWH WKDW UHVXOWV LQ WKH ODVW
DPRXQW RI SUHGLFWHG SXQLVKPHQW

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0RUH UHFHQWO\ FRJQLWLYH QHXURVFLHQFH UHVHDUFKHUV KDYH DWWHPSWHG WR XVH I05, WR XQGHUVWDQG WKH
QHXUDO PHFKDQLVPV RI UHZDUGUHODWHG OHDUQLQJ LQ KXPDQV 7KH JHQHUDO DSSURDFK LQ WKLV UHVHDUFK KDV
EHHQ WR WUDFN WULDOWRWULDO FKDQJHV LQ EHKDYLRU DQG WR XVH WKLV EHKDYLRU DORQJ ZLWK FRPSXWDWLRQDO
PRGHOV RI 5/ WR JHQHUDWH SUHGLFWLRQV DERXW SODVWLFLW\ SURFHVVHV LQ WKH EUDLQ WKDW OHG WR WKH EHKDY
LRUDO FKDQJHV 7KH WULDOWRWULDO QDWXUH RI WKH SUHGLFWLRQV DULVHV EHFDXVH WKH YDULDELOLW\ LQ EHKDYLRU
GHSHQGV RQ WKH KLVWRU\ RI VWLPXOL VHOHFWHG DFWLRQV DQG UHZDUGV XS WR WKDW WULDO $V D UHVXOW EORFN
GHVLJQ DSSURDFKHV LQ ZKLFK WKHUH DUH PDQ\ UHSHDWHG WULDOV RI D SDUWLFXODU W\SH DUH QRW W\SLFDOO\ XVHG
LQ WKHVH VWXGLHV ,QVWHDG SDUDGLJPV W\SLFDOO\ XVH HYHQWUHODWHG GHVLJQV (YHQWUHODWHG GHVLJQV DUH
EDVHG RQ WKH LGHD WKDW D SDUWLFXODU VWLPXOXV H[SODLQV RU ³DFFRXQWV IRU´ WKH WULDOWRWULDO YDULDELOLW\
LQ WKH I05, VLJQDO 7KXV HYHQWUHODWHG GHVLJQV DUH SDUWLFXODUO\ ZHOOVXLWHG WR LQYHVWLJDWLQJ WKH
UHODWLRQVKLS EHWZHHQ 5/ PRGHOV DQG EUDLQ DFWLYLW\
7KHUH DUH WZR NLQGV RI HYHQWUHODWHG GHVLJQ VORZ HYHQWUHODWHG GHVLJQV DQG IDVW HYHQWUHODWHG
GHVLJQV ,Q VORZ HYHQWUHODWHG GHVLJQV D OHQJWK\ WLPH LQWHUYDO H[FHHGLQJ  VHFRQGV PXVW EH
LQVHUWHG EHWZHHQ WKH HYHQWV RI LQWHUHVW LQ D VWXG\ 7KLV LV EHFDXVH WKH KHPRG\QDPLF UHVSRQVH WKDW
LV PHDVXUHG ZLWK I05, WDNHV WKDW DPRXQW RI WLPH WR UHWXUQ WR QHDU EDVHOLQH OHYHOV ZLWKRXW WKLV GHOD\
WKH KHPRG\QDPLF UHVSRQVHV IURP VHTXHQWLDO WULDOV ZRXOG RYHUODS DQG WKLV EHFRPH SUREOHPDWLF IRU
PHDVXUHPHQW RI WKH UHVSRQVHV 6ORZ HYHQWUHODWHG GHVLJQ DSSURDFKHV ZHUH XVHG LQ SUHYLRXV PRGHO
EDVHG VWXGLHV RI UHZDUGUHODWHG OHDUQLQJ OLNH 0F&OXUH HW DO  2¶'RKHUW\ HW DO  DQG
7DQDND HW DO  7KH DGYDQWDJH RI D VORZ HYHQWUHODWHG GHVLJQ QDPHO\ WKDW WKH VKDSH RI WKH
KHPRG\QDPLF UHVSRQVH FDQ EH FOHDUO\ REVHUYHG DQG VHSDUDWHG IURP RWKHU I05, HIIHFWV LV FRXQWHUHG

E\ LWV PDLQ GLVDGYDQWDJH ZKLFK LV D UHGXFWLRQ LQ WKH QXPEHU RI WULDOV WKDW FDQ EH SHUIRUPHG GXULQJ
DQ H[SHULPHQW FRPSDUHG WR IDVWHYHQW UHODWHG GHVLJQV GLVFXVVHG QH[W &RQVHTXHQWO\ VORZ HYHQW
UHODWHG GHVLJQV PD\ KDYH OHVV VWDWLVWLFDO SRZHU FRPSDUHG WR RWKHU GHVLJQV EHFDXVH RI IHZHU WULDOV
$ PRUH UHFHQW DOWHUQDWLYH WR VORZ HYHQWUHODWHG GHVLJQV DUH IDVW HYHQWUHODWHG GHVLJQV ZKLFK
LV ZKDW LV XVHG LQ WKH SUHVHQW GLVVHUWDWLRQ H[SHULPHQW )DVW HYHQWUHODWHG GHVLJQV GR QRW UHTXLUH
ORQJ WLPH LQWHUYDOV EHWZHHQ VXEVHTXHQW WULDOV EXW WKH\ GR UHTXLUH WKDW UDQGRP GLVWULEXWLRQ RI WLPH
LQWHUYDOV EHWZHHQ WKH HYHQWV RI LQWHUHVW LV XVHG 7KH LQVHUWLRQ RI UDQGRP DPRXQWV RI WLPH EHWZHHQ
WKH HYHQWV RI LQWHUHVW LV WHUPHG MLWWHU :LWK VXIILFLHQW UDQGRPQHVV EHWZHHQ HYHQWV WKH VLJQDOV RI
LQWHUHVW FDQ EH VWDWLVWLFDOO\ VHSDUDWHG IURP HDFK RWKHU XVLQJ WHFKQLTXHV VXFK DV GHFRQYROXWLRQ DQDO
\VLV 7KLV DSSURDFK ZDV XVHG LQ PRUH UHFHQW VWXGLHV RI 5/ LQ WKH EDVDO JDQJOLD HJ +DUXQR DQG
.DZDWR 
$QRWKHU DVSHFW RI I05, WHFKQLTXH LV WKH WDNLQJ LQWR DFFRXQW RI DQDWRPLFDO YDULDELOLW\ IURP RQH
SDUWLFLSDQW WR WKH QH[W *URXSOHYHO DQDO\VHV LQ I05, UHTXLUHV H[SHULPHQWHUV WR DSSO\ D WUDQVIRUPD
WLRQ WKDW PDSV HDFK LQGLYLGXDOV EUDLQ LQWR D FRPPRQ VSDFH VR WKDW VWDWLVWLFV FDQ EH GRQH RQ WKH I05,
GDWD 7KH PDMRULW\ RI SULRU H[SHULPHQWDO DSSURDFKHV KDYH UHOLHG RQ SXUHO\ DIILQH WUDQVIRUPDWLRQV
HJ $)1, SURYLGHV D SDUDPHWHU IXQFWLRQ LQYROYLQJ VKHDULQJ VFDOLQJV DQG URWDWLQJ EDVHG RQ
FRDUVH DQDWRPLFDO ODQGPDUNV VXFK DV WKH DQWHULRU DQG SRVWHULRU FRPPLVVXUHV +RZHYHU WKH EDVDO
JDQJOLD HVSHFLDOO\ WKH GRUVDO VWULDWXP ZKLFK DUH RI SDUWLFXODU LQWHUHVW LQ 5/ VWXGLHV DUH KLJKO\ YDUL
DEOH LQ VKDSH IURP SDUWLFLSDQW WR SDUWLFLSDQW 7HVWLQJ KLJKO\ VSHFLILF K\SRWKHVHV DERXW ORFDOL]DWLRQ
RI IXQFWLRQ ZLWKLQ WKH EDVDO JDQJOLD LV OLNHO\ WR EHQHILW IURP D ILQHU PDSSLQJ RI DQDWRPLFDO VWUXFWXUHV
EHWZHHQ SDUWLFLSDQWV 7KH SUHVHQW VWXG\ XVHG D UHODWLYHO\ QHZ KLJKGLPHQVLRQDO QRQOLQHDU ZDUSLQJ
DOJRULWKP QDPHG $176 WKDW KDV EHHQ HYDOXDWHG DV WKH EHVW SHUIRUPLQJ PHWKRG DPRQJ  WRROV LQ
D UHFHQW UHYLHZ LQ 1HXURLPDJH .OHLQ HW DO  ,Q $SSHQGL[ $ D YLVXDO FRPSDULVRQ RI WKH
DXWRPDWHG RXWSXW RI $176 FRPSDUHG WR WKH DXWRPDWHG ORZGLPHQVLRQDO FRUHJLVWUDWLRQ SURFHGXUH
XVHG E\ $)1,
3ULRU VWXGLHV KDYH RQO\ PDGH YHU\ JHQHUDO K\SRWKHVHV DERXW WKH LQYROYHPHQW RI GLIIHUHQW UH
JLRQV LQ WKH VWULDWXP IRU WKH FRPSXWDWLRQ RI 5/ TXDQWLWLHV VXFK DV UHZDUGSUHGLFWLRQ HUURU HJ
³GRUVDO´ YHUVXV ³YHQWUDO´ VWULDWXP 7KHVH K\SRWKHVHV DUH JHQHUDOO\ EDVHG RQ ILQGLQJV LQ UDWV $WDO
ODK HW DO  RU LQ GUXJ DEXVHUV 9RONRZ HW DO  VXJJHVWLQJ WKDW WKH GRUVDO VWULDWXP LV

LQYROYHG LQ OHVV IOH[LEOH EHKDYLRUV FRPSDUHG WR WKH YHQWUDO VWULDWXP $ UHFHQW UHYLHZ LPSOLFDWHV
WZR UHJLRQV RI WKH GRUVDO VWULDWXP LQ GHFLVLRQPDNLQJ WKH FDXGDWH DQG GRUVRPHGLDO VWULDWXP DUH LP
SOLFDWHG LQ IOH[LEOH JRDOGLUHFWHG GHFLVLRQPDNLQJ ZKHUHDV WKH GRUVRODWHUDO VWULDWXP LV LPSOLFDWHG
LQ OHVV IOH[LEOH DXWRPDWLF GHFLVLRQPDNLQJ %DOOHLQH HW DO 
3ULRU LQYHVWLJDWRUV KDYH IRFXVHG RQ VLQJOH W\SHV RI DFWLRQV *HQHUDOO\ DOO VWXGLHV RI LQVWUX
PHQWDO FRQGLWLRQLQJ KDYH LQYROYHG EXWWRQ SUHVVHV LQ KXPDQ VWXGLHV RU VDFFDGLF H\H PRYHPHQWV LQ
QRQKXPDQ SULPDWHV 7KH XVH RI WKLV OLPLWHG VHW RI DFWLRQV LV OLNHO\ WR OLPLW WKH UDQJH RI GDWD RE
VHUYHG LQ WKRVH VWXGLHV ,Q FRQWUDVW LQ WKH SUHVHQW VWXG\ SDUWLFLSDQWV SHUIRUPHG GLIIHUHQW NLQGV RI
DFWLRQV WR PD[LPL]H UHZDUG 7KH XVH RI GLIIHUHQW DFWLRQV DOORZHG WHVWLQJ YHU\ VSHFLILF DQDWRPLFDO
SUHGLFWLRQV DERXW WKH UHJLRQV RI WKH VWULDWXP WKDW PLJKW EH LQYROYHG LQ WKH UHLQIRUFHPHQW OHDUQLQJ
RI WKRVH DFWLRQV
)LQDOO\ PRVW SULRU VWXGLHV RI 5/ LQ WKH EDVDO JDQJOLD KDYH DVVXPHG WKDW WKH VKDSH RI WKH KHPR
G\QDPLF UHVSRQVH LV WKH VDPH IRU ERWK SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU DQG WKDW WKLV
VKDSH LV VLPSO\ PRGXODWHG E\ WKH VLJQ DQG GHJUHH RI UHZDUGSUHGLFWLRQ HUURU KRZHYHU WKH PRUH
UHFHQW VWXG\ E\ +DUXQR DQG .DZDWR  GRHV LQYHVWLJDWH WKH TXHVWLRQ RI VKDSH PRUH FORVHO\
6WXGLHV IRFXVHG RQ VWXG\LQJ VWULDWDO UHVSRQVHV WR SRVLWLYH DQG QHJDWLYH RXWFRPH ZKLFK DUH FORVHO\
UHODWHG WR SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU KDYH VKRZQ WKDW WKHVH VLJQDOV GR LQ IDFW
KDYH GLIIHUHQW VKDSHV DQG WKH PRGXODWLRQ RI WKHVH VKDSHV LV QRW OLQHDU EXW LV UDWKHU GHSHQGHQW RQ
ZKHWKHU RXWFRPH LV SRVLWLYH RU QHJDWLYH 'HOJDGR HW DO   7KXV LQ WKH SUHVHQW VWXG\
SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURUV ZHUH DOORZHG WR KDYH VHSDUDWH VKDSHV GLFWDWHG E\
WKH GDWD XVLQJ GHFRQYROXWLRQ DQDO\VLV
 02'(/%$6(' $1$/<6,6
0RGHOEDVHG DQDO\VLV LV WKH LGHD WKDW RQH FDQ XVH FRPSXWDWLRQDO PRGHOV WR PDNH SUHGLFWLRQV DERXW
ODWHQW YDULDEOHV IRU H[DPSOH EUDLQ DFWLYLW\ EDVHG RQ LQWHUQDO YDULDEOHV LQ D FRPSXWDWLRQDO PRGHO
HJ &RUUDGR DQG 'R\D  7DQDND HW DO  0RGHOEDVHG DQDO\VLV ZDV LPSRUWDQW LQ WHVWLQJ
WKH PDLQ K\SRWKHVHV RI WKLV GLVVHUWDWLRQ DERXW UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV 7KH ZD\ LQ
ZKLFK PRGHOEDVHG DQDO\VLV ZDV XVHG LQ WKH GLVVHUWDWLRQ LV LOOXVWUDWHG LQ )LJXUH  RQ SDJH  $V
VKRZQ LQ WKDW ILJXUH WKH REVHUYHG VHTXHQFH RI KXPDQ EHKDYLRU ZDV XVHG WR ILW WKH SHUIRUPDQFH

RI DQ 5/ DJHQW VLPXODWLRQ 7KHQ WKH PRGHOHG VHTXHQFH RI UHZDUGSUHGLFWLRQ HUURUV JHQHUDWHG
LQWHUQDOO\ E\ WKH 5/ DJHQW ZHUH XVHG DV UHJUHVVRUV K\SRWKHVL]HG WR FRUUHODWH ZLWK WKH EUDLQ DFWLYLW\
RI SDUWLFLSDQWV SHUIRUPLQJ WKH WDVN
7KLV GLVVHUWDWLRQ PDNHV XVH RI HYHQWUHODWHG PRGHOEDVHG DQDO\VLV WR WHVW WKH K\SRWKHVLV WKDW
WKHUH DUH VLJQDOV WKDW UHIOHFW WULDOWRWULDO FKDQJHV LQ UHZDUGSUHGLFWLRQ HUURU WKDW FDQ EH ORFDOL]HG
 WR WKH VWULDWXP DQG  WR SDUWLFXODU UHJLRQV RI WKH VWULDWXP GHSHQGLQJ RQ WKH W\SH RI DFWLRQ WKDW
LV EHLQJ UHLQIRUFHG
 '23$0,1(
$OWKRXJK WKH IRFXV RI WKLV GLVVHUWDWLRQ LV RQ WKH LQYROYHPHQW RI WKH EDVDO JDQJOLD LQ 5/ D SRWHQWLDOO\
LPSRUWDQW DVSHFW RI WKH EDVDO JDQJOLD DUH WZR RI LWV VWUXFWXUHV NQRZQ DV WKH YHQWUDO WHJPHQWDO DUHD
DQG WKH VXEVWDQWLD QLJUD SDUV FRPSDFWD 7KHVH VWUXFWXUHV DUH RI SDUWLFXODU LQWHUHVW EHFDXVH WKH\ UH
OHDVH WKH QHXURWUDQVPLWWHU GRSDPLQH ZKLFK LV D FDWHFKRODPLQH QHXURWUDQVPLWWHU 7KHVH FHOO ERGLHV
UHOHDVH GRSDPLQH ERWK ZLWKLQ WKH EDVDO JDQJOLD HJ WKH VWULDWXP DQG RWKHU EDVDO JDQJOLD QXFOHL
DV ZHOO DV WKURXJK WKH UHVW RI WKH EUDLQ LQFOXGLQJ H[WHQVLYH SURMHFWLRQV WR WKH SUHIURQWDO FRUWH[
'RSDPLQH KDV ORQJ EHHQ WKRXJKW WR EH LQYROYHG LQ UHZDUGUHODWHG OHDUQLQJ DQG PRUH UHFHQWO\
KDV EHHQ D FDQGLGDWH IRU WKH UHZDUGSUHGLFWLRQ HUURU VLJQDO LQ 5/ ,QGHHG SUREDEO\ RQH RI WKH
HDUOLHVW QHXURVFLHQWLILF VWXGLHV RI UHLQIRUFHPHQW OHDUQLQJ ZDV D VWXG\ SHUIRUPHG E\ -DPHV 2OGV DQG
3HWHU 0LOQHU LQ ZKLFK WKH\ LPSODQWHG HOHFWURGHV LQWR WKH PHGLDO IRUHEUDLQ EXQGOH ZKLFK WDUJHWV WKH
YHQWUDO WHJPHQWDO DUHD DQG YHQWUDO WHJPHQWDO DUHD LWVHOI 2OGV DQG 0LOQHU IRXQG WKDW VWLPXODWLQJ
WKHVH DUHDV ZDV D KLJKO\ HIIHFWLYH VWLPXOXV IRU UHLQIRUFLQJ EHKDYLRU ,QGHHG UDWV ZKR DUH DOORZHG
WR SUHVV D OHYHU WR VWLPXODWH WKHVH UHJLRQV FRQWLQXH WR GR VR XQWLO H[KDXVWHG 5HVHDUFK WKXV VXJJHVWV
WKDW QDWXUDO UHLQIRUFHUV DV ZHOO DV DFTXLUHG UHLQIRUFHUV DFW DW OHDVW LQ SDUW WKURXJK DFWLYDWLRQ RI WKH
GRSDPLQH V\VWHP
$OWKRXJK GRSDPLQH PD\ EH LQYROYHG LQ UHLQIRUFHPHQW OHDUQLQJ WKH I05, PHWKRGRORJ\ XVHG
LQ WKLV GLVVHUWDWLRQ GRHV QRW DOORZ GLUHFW LQIHUHQFHV DERXW GRSDPLQH DFWLYDWLRQ RU SUHVHQFH 7KHUH
DUH KRZHYHU VRPH UHDVRQV WR VXVSHFW WKDW GRSDPLQH PD\ EH UHODWHG WR WKH I05, %2/' VLJQDO

)LUVW WKH PHWDEROLF DFWLYLW\ WKDW LV WKH QHXURSK\VLRORJLFDO EDVLV RI WKH I05, VLJQDO LV NQRZQ WR
PRUH FORVHO\ UHIOHFW WKH DFWLRQ RI DIIHUHQW V\QDSWLF LQSXW LQWR D JLYHQ EUDLQ UHJLRQ UDWKHU WKDQ WKH
HIIHUHQW VSLNLQJ RXWSXW RI WKDW UHJLRQ /RJRWKHWLV HW DO  %HFDXVH WKH VWULDWXP LV D WDUJHW RI
GRSDPLQHUHOHDVLQJ QHXURQV RI WKH VXEWDQWLD QLJUD GRSDPLQH DFWV RQ VWULDWDO V\QDSVHV WKH VWULDWXP
LV H[SHFWHG WR VKRZ %2/' UHVSRQVHV WKDW DUH K\SRWKHVL]HG WR EH GXH WR GRSDPLQH 6HFRQG D UHFHQW
VWXG\ FRQFOXGHG WKDW DW OHDVW LQ WKH YHQWUDO SDUWV RI WKH VWULDWXP HJ WKH QXFOHXV DFFXPEHQV
%2/' DFWLYDWLRQ GRHV LQGHHG UHIOHFW WKH DFWLRQ RI GRSDPLQH RQ SRVWV\QDSWLF ' UHFHSWRUV WKHUH
.QXWVRQ DQG *LEEV 
+RZHYHU LW LV OHVV FOHDU ZKHWKHU IRFDOL]HG %2/' UHVSRQVHV LQ WKH VWULDWXP FDQ EH DWWULEXWHG
WR GRSDPLQH DOWKRXJK VXFK DFWLYDWLRQV EHHQ REVHUYHG LQ SULRU VWXGLHV HJ +DUH HW DO 
0F&OXUH HW DO  2¶'RKHUW\ HW DO  7ULFRPL HW DO  ,QGHHG GRSDPLQH QHXURQV
SURMHFW WR WKH HQWLUH VWULDWXP DQG DUH WKRXJKW WR ILUH KRPRJHQHRXVO\ DV D JURXS 7KLV VXJJHVWV
WKDW GRSDPLQH LV UHOHDVHG WR WKH HQWLUH VWULDWXP DV D JOREDO UHLQIRUFHPHQW VLJQDO 7KXV RQH PLJKW
SUHGLFW WKDW VWULDWDO %2/' DFWLYDWLRQ ZRXOG QRW UHOLDEO\ VKRZ UHJLRQDO GLIIHUHQFHV GXH WR GRSDPLQH
2QH SRVVLELOLW\ KRZHYHU LV WKDW %2/' DFWLYLW\ LQ WKH VWULDWXP LV QRW VROHO\ GXH WR GRSDPLQH EXW
UDWKHU WKH FRPELQDWLRQ RI GRSDPLQH DQG VRPH RWKHU VRXUFH RI QHXUDO DFWLYLW\ )RU H[DPSOH FRUWLFR
VWULDWDO SURMHFWLRQV DUH H[SHFWHG WR EH DFWLYH LQ DQ DFWLRQGHSHQGHQW PDQQHU WKLV DFWLYLW\ PLJKW WKHQ
EH SHUPLVVLYH IRU GRSDPLQH WR EH SUHIHUHQWLDOO\ UHOHDVHG E\ V\QDSVHV HQWHULQJ WKRVH SRUWLRQV RI WKH
VWULDWXP 6LPLODUO\ GRSDPLQH UHOHDVH PLJKW EH LQKLELWHG LQ RWKHU VWULDWDO UHJLRQV ZKRVH FRUWLFR
VWULDWDO DIIHUHQWV DUH UHODWLYHO\ LQDFWLYH 7KLV FRXOG IXUWKHU GHSHQG RQ WKH µXS¶ RU µGRZQ¶ H[FLWDELOLW\
VWDWHV RI WKH VWULDWDO PHGLXP VSLQ\ QHXURQV ZKLFK PD\ EH LQ SDUW GHSHQGHQW RQ WKH DFWLYDWLRQ RI
FRUWLFRVWULDWDO SURMHFWLRQV DQG RQ WKH WDVN EHLQJ SHUIRUPHG
$QRWKHU SRVVLEOH H[SODQDWLRQ IRU DWWULEXWLQJ GLIIHUHQWLDOO\ORFDOL]HG %2/' LQ WKH VWULDWXP WR
GRSDPLQH LV WKDW WKLV %2/' UHVSRQVH PD\ UHIOHFW V\QDSWLF SODVWLFLW\ SURFHVVHV LH /73 DQGRU
/7' GXH WR WKH ORFDO FRQYHUJHQFH RI QHRFRUWLFDO DQG GRSDPLQH DFWLYLW\ 7KDW LV WKH %2/' UH
VSRQVH PLJKW EH PRUH VLJQLILFDQW LQ SODFHV ZKHUH GRSDPLQH LQWHUDFWV ZLWK DIIHUHQW QHRFRUWLFDO DF
WLYLW\ EHFDXVH RI PHWDEROLF LQFUHDVHV LQYROYHG LQ SODVWLFLW\ HJ 6FKXOW]  6XUL DQG 6FKXOW]


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'HYHORSLQJ FRPSXWDWLRQDO PRGHOV RI WKH EDVDO JDQJOLD KDV EHHQ FKDOOHQJLQJ 2QH UHDVRQ IRU WKLV
LV WKHLU FRPSOH[ SDWWHUQV RI FRQQHFWLYLW\ WKH EDVDO JDQJOLD FRQWDLQ PXOWLSOH SDWKZD\V DQG PXOWLSOH
OHYHOV RI LQKLELWRU\ FRQQHFWLRQV $QRWKHU VRXUFH RI GLIILFXOW\ LV WKDW WKHUH DUH PDQ\ DVSHFWV RI EDVDO
JDQJOLD RUJDQL]DWLRQ ZKLFK KDYH DVRI\HW XQGHWHUPLQHG RU VWLOO ZLGHO\GHEDWHG VLJQLILFDQFH
0RVW LPSRUWDQWO\ KRZHYHU WKHUH LV D ODFN RI NQRZQ FRQVWUDLQWV RQ WKH SRVVLEOH ORFDOL]DWLRQ
RI IXQFWLRQ LQ WKH EDVDO JDQJOLD )RU H[DPSOH LW LV QRW FOHDU ZKHWKHU DOO UHLQIRUFHPHQWUHODWHG
DFWLYDWLRQV WDNH SODFH LQ WKH YHQWUDO VWULDWXP LH WKH QXFOHXV DFFXPEHQV RU LQ WKH GRUVDO VWULD
WXP .QRZLQJ DERXW WKH ORFDOL]DWLRQ RI UHLQIRUFHPHQWUHODWHG DFWLYDWLRQ DQG FRPSXWDWLRQV ZLOO
KHOS EXLOG PRGHOV WKDW DUH PRUH OLNHO\ WR EH FRUUHFW
$ QXPEHU RI FRQFHSWXDO DQG FRPSXWDWLRQDO PRGHOV RI EDVDO JDQJOLD IXQFWLRQ KDYH EHHQ SUR
SRVHG DQG DUH GLVFXVVHG EULHIO\ $OWKRXJK WKLV OLVW LV QRW H[KDXVWLYH WKH PRGHOV GHVFULEHG EHORZ
DUH ZLGHO\ GLVFXVVHG DQG FDSWXUH WKH UDQJH RI PRGHOV WKDW DUH IUHTXHQWO\ GHVFULEHG LQ WKH OLWHUDWXUH
'LUHFWDQG,QGLUHFW 7KH HDUOLHVW PRGHOV RI EDVDO JDQJOLD IXQFWLRQ ZHUH EDVHG RQ WKH QRWLRQ RI
GLUHFW DQG LQGLUHFW SDWKZD\V WKURXJK WKH EDVDO JDQJOLD 7KHVH PRGHOV ZHUH EDVHG RQ REVHUYDWLRQV
RI K\SR DQG K\SHUNLQHWLF G\VIXQFWLRQ REVHUYHG LQ EDVDO JDQJOLD GLVRUGHUV $OELQ HW DO 
+RZHYHU LQ D UHFHQW QHXURDQDWRPLFDO VWXG\ EDVDO JDQJOLD UHVHDUFKHUV KDYH IRXQG HYLGHQFH DJDLQVW
WKH GLUHFW DQG LQGLUHFW SDWKZD\V /pYHVTXH DQG 3DUHQW  VXJJHVWLQJ WKDW WKH XVH RI WKLV GLYLVLRQ
LQ WKH GHYHORSPHQW RI IXUWKHU PRGHOV VKRXOG EH UHHYDOXDWHG
6WULDWXP DV /DWHUDO ,QKLELWRU\ 1HWZRUN IRU 6HOHFWLRQ 2QH RI WKH HDUOLHVW SURSRVDOV IRU WKH
FRPSXWDWLRQV SHUIRUPHG LQ WKH EDVDO JDQJOLD UHYROYHG DURXQG WKH VWULDWXP DV D ODWHUDO LQKLELWRU\
QHWZRUN :LFNHQV  &RPSXWDWLRQDOO\ WKH LGHD LV WKDW WKH VWULDWXP SHUIRUPV D ³ZLQQHUVWDNHV
DOO´ RSHUDWLRQ RQ DIIHUHQW LQSXW WKHUHE\ RQO\ DOORZLQJ WKH VWURQJHVW FRUWLFRVWULDWDO LQSXW WR SDVV
WKURXJK WKH FLUFXLW 7KLV SURSRVDO DURVH IURP HDUO\ REVHUYDWLRQV WKDW WKH PDMRULW\ RI WKH V\QDSVHV
LQ WKH VWULDWXP LQ SDUWLFXODU V\QDSVHV IRUPHG EHWZHHQ WKH PDLQ SURMHFWLRQ QHXURQV RI WKH VWULDWXP
LH WKH PHGLXP VSLQ\ QHXURQV ZHUH *$%$UHOHDVLQJ %RODP HW DO  7HSSHU DQG %RODP
 7KLV IXQFWLRQ ZRXOG EH SDUWLFXODUO\ LPSRUWDQW IRU FDVHV LQ ZKLFK VWULDWDO LQSXW FRQYHUJHG
IURP PXOWLSOH QHRFRUWLFDO VRXUFHV EHFDXVH SUHVXPDEO\ WKH VWULDWXP FRXOG EH LQYROYHG LQ VHOHFWLQJ

RQH RI WKRVH VRXUFHV RYHU DQRWKHU +RZHYHU LW KDV UHFHQWO\ EHHQ VXJJHVWHG WKDW WKH HIIHFW RI WKHVH
LQKLELWRU\ V\QDSVHV LV WRR ZHDN WR HIIHFWLYHO\ LPSOHPHQW D ZLQQHUVWDNHDOO RSHUDWLRQ 7HSSHU HW DO

'LPHQVLRQDOLW\ 5HGXFWLRQ 'HVSLWH WKH DQDWRPLFDO HYLGHQFH IRU ODWHUDO LQKLELWRU\ FRQQHFWLRQV
LQ WKH VWULDWXP WKHUH LV OLWWOH HOHFWURSK\VLRORJLFDO HYLGHQFH IRU FRQQHFWLYLW\ WKDW LV IXQFWLRQDO 7KLV
LGHD FRPELQHG ZLWK WKH UHGXFWLRQ LQ WKH QXPEHUV RI QHXURQV DV RQH PRYHV IURP QHRFRUWH[ WR WKH
VWULDWXP WR WKH JOREXV SDOOLGXV KDV EHHQ XVHG WR GHYHORS PRGHOV RI EDVDO JDQJOLD IXQFWLRQ ZKHUH
WKHLU IXQFWLRQ DUH DVVXPHG WR EH WR UHGXFH WKH GLPHQVLRQDOLW\ RI QHRFRUWLFDO LQIRUPDWLRQ %DU*DG
HW DO   7KH UHGXFWLRQ RI GLPHQVLRQDOLW\ LV K\SRWKHVL]HG WR EH FULWLFDO WR WKH OHDUQLQJ
DQG FRQWURO LQ EUDLQ QHWZRUNV EHFDXVH ZLWKRXW VXFK D UHGXFWLRQ LQ GLPHQVLRQDOLW\ OHDUQLQJ EDVHG
RQ WKH SDWWHUQV ZRXOG VXIIHU IURP WKH ³FXUVH RI GLPHQVLRQDOLW\´ 7KLV PHDQV IRU H[DPSOH LQ WKH
FDVH RI OHDUQLQJ WR PDS D VWDWH WR DQ DFWLRQ WKHUH ZRXOG QHHG WR EH DQ ³XQUHDOLVWLFDOO\ ODUJH´ QXPEHU
RI WUDLQLQJ H[DPSOHV EHFDXVH HDFK H[DPSOH ZRXOG EH YHU\ GLIIHUHQW LQ D KLJK GLPHQVLRQDO VSDFH
7KH UHGXFWLRQRIGLPHQVLRQDOLW\ PRGHO ZDV DOVR SURSRVHG E\ D VHSDUDWH JURXS RI UHVHDUFKHUV -RHO
HW DO  $OWKRXJK WKH LGHD RI GLPHQVLRQDOLW\UHGXFWLRQ LV D FRPSXWDWLRQDOO\ SRZHUIXO LWV
ORFDOL]DWLRQ WR WKH EDVDO JDQJOLD KDV QRW EHHQ ERUQH RXW E\ VLJQLILFDQW H[SHULPHQWDO FRQILUPDWLRQ
WRGDWH
$FWLRQ 6HOHFWLRQ LQ 5HFXUUHQW /RRSV ,Q D PRGHO GHYHORSHG E\ /HEORLV HW DO  UHFXUUHQW
DFWLYDWLRQ WKURXJK FRUWLFREDVDO JDQJOLD ORRSV LV SURSRVHG DV D PHFKDQLVP WKURXJK ZKLFK ZHDN
QHRFRUWLFDO DFWLYDWLRQ SDWWHUQV DUH DPSOLILHG DQG WKHUHE\ VHOHFWHG 7KLV PRGHO GHPRQVWUDWHG KRZ
RQH RI WZR ZHDNO\ DFWLYDWHG DFWLRQ UHSUHVHQWDWLRQV LQ WKH QHRFRUWH[ FRXOG FRPSHWH ZLWKLQ WKH EDVDO
JDQJOLD FLUFXLWU\ XQWLO RQH HPHUJHG DV D FOHDU ZLQQHU $OWKRXJK WKLV PRGHO GLG QRW LPSOHPHQW D 5/
PHFKDQLVP HJ LPSOHPHQWHG E\ D SKDVLF GRSDPLQH VLJQDO IXWXUH YDULDQWV RI WKLV PRGHO ZLOO GR
VR 7 %RUDXG SHUVRQDO FRPPXQLFDWLRQ *LYHQ WKDW VXFK D PHFKDQLVP KDV EHHQ VKRZQ WR ZRUN LQ
DQ XQVWUXFWXUHG UHFXUUHQW QHXUDO QHWZRUN ,]KLNHYLFK  LW VKRXOG EH SDUWLFXODUO\ VXFFHVVIXO LQ
WKLV PRUH VWUXFWXUHG PRGHO
$FWRU&ULWLF0RGHOV $FWRUFULWLF PRGHOV DUH EDVHG RQ WKH GLVWLQFWLRQ EHWZHHQ OHDUQLQJ UHZDUG
SUHGLFWLRQV DQG VHOHFWLQJ DFWLRQV EDVHG RQ WKHP -RHO HW DO  6RPH RI WKH HDUOLHVW HIIRUWV WR
PDS 5/ WR WKH EDVDO JDQJOLD ZHUH DFWRUFULWLF PRGHOV 7KLV GLYLVLRQ EHWZHHQ DFWRU DQG FULWLF KDV

EHHQ SURSRVHG WR PDS WR WKH FRPSXWDWLRQV RI WKH YHQWUDO DQG GRUVDO VWULDWXP UHVSHFWLYHO\ HJ
2¶'RKHUW\ HW DO  +RZHYHU LW LV QRW FOHDU ZK\ WKH VHSDUDWLRQ EHWZHHQ DFWRU DQG FULWLF LV
QHFHVVDU\ 0DQ\ 5/ PRGHOV GR QRW SRVLW D VHSDUDWLRQ EHWZHHQ DFWRU DQG FULWLF 7KH VDPH FLUFXLW
LQYROYHG LQ VWRULQJ UHZDUG SUHGLFWLRQV PD\ LQGHHG EH WKH VDPH FLUFXLW WKDW DOORZV WKRVH UHZDUG
SUHGLFWLRQV WR VHOHFW SUHYLRXVO\ UHLQIRUFHG DFWLRQV ZLWK LQFUHDVHG SUREDELOLW\ LH UHLQIRUFHPHQW
DQG DFWLRQ VHOHFWLRQ FRXOG EH PHGLDWHG E\ WKH VDPH FRUWLFRVWULDWDOWKDODPRFRUWLFDO ORRSV E\ LQWUR
GXFWLQJ UHLQIRUFHPHQW LQWR PRGHOV OLNH WKH /HEORLV HW DO  PRGHO
$&75 $&75 $QGHUVRQ HW DO  LV GLVFXVVHG PRUH WKRURXJKO\ LQ &KDSWHU  EXW LV
PHQWLRQHG KHUH IRU FRPSOHWHQHVV $&75 LV D PRGHO RI FRJQLWLYH FRQWURO WKDW PDNHV D VHW RI YHU\
VSHFLILF DVVXPSWLRQV DERXW EDVDO JDQJOLD IXQFWLRQ 'LVWLQFW UROHV DWWULEXWHG WR HDFK QXFOHXV LQ WKH
EDVDO JDQJOLD VWULDWXP DV SDWWHUQ UHFRJQL]HU SDOOLGXP DV DFWLRQ VHOHFWLRQ DQG WKDODPXV DV H[HFX
WLRQ 7KLV PRGHO RYHUODSV WR VRPH H[WHQW ZLWK WKH /HEORLV HW DO  PRGHO EHFDXVH LW SUHVXPHV
WKDW WKH SDOOLGXP LV LQYROYHG LQ WKH VHOHFWLRQ RI DFWLRQ 'HVSLWH WKH ODFN RI I05, HYLGHQFH FRQVLVWHQW
ZLWK $&75 WKH PRGHO GRHV D YHU\ JRRG MRE RI ILWWLQJ EHKDYLRUDO GDWD
µ*DWLQJ¶ 6HQVRU\ ,QSXW LQWR 3UHIURQWDO &RUWH[ $OWKRXJK QRW D PRGHO RI EDVDO JDQJOLD IXQF
WLRQ SHU VH 2¶5HLOO\ DQG FROOHDJXHV +D]\ HW DO  KDYH SURSRVHG D PRGHO LQ ZKLFK WKH EDVDO
JDQJOLD LV D NH\ VWUXFWXUH $FFRUGLQJ WR WKH PRGHO WKH SUHIURQWDO FRUWH[ RULJLQDWHV FRJQLWLYH FRQWURO
DQG DFWV DV D ³FHQWUDO H[HFXWLYH´ KDYLQJ SURSHUWLHV OLNH ZRUNLQJ PHPRU\ DQG KLJK OHYHOV RI FRQ
QHFWLYLW\ WKDW PDNH LW HVSHFLDOO\ ZHOOVXLWHG WR PDLQWDLQLQJ JRDOV DQG FRQWUROOLQJ DUELWUDU\ DFWLRQV
+RZHYHU WKHVH VDPH SURSHUWLHV DUH ZKDW PDNH WKH SUHIURQWDO FRUWH[ KLJKO\ OLNHO\ WR EH GLVWUDFWHG
E\ FRQIOLFWLQJ RU WDVNLUUHOHYDQW LQIRUPDWLRQ 7KH\ WKHUHIRUH SURSRVH WKDW WKH EDVDO JDQJOLD DFW
DV D ³JDWH´ WKDW SUHYHQWV VHQVRU\ LQIRUPDWLRQ IURP HQWHULQJ LQWR WKH SUHIURQWDO FRUWH[ XQWLO VXFK
LQIRUPDWLRQ LV QHFHVVDU\ 7KLV JDWH LV WUDLQHG WKURXJK DQ LQWHUQDO DOJRULWKP QDPHO\ WHPSRUDO
GLIIHUHQFH OHDUQLQJ WR OHDUQ WR SUHGLFW ZKHQ FXHV DUH OLNHO\ WR OHDG WR UHZDUG %HFDXVH WKHVH FXHV
SUHGLFW UHZDUG WKHLU SUHVHQFH UHIOHFWV RSSRUWXQH PRPHQWV WR RSHQ WKH ³JDWH´ DOORZLQJ QHZ VHQ
VRU\ LQIRUPDWLRQ DQGRU WDVN JRDOV WR LQIOXHQFH WKH SUHIURQWDO FRUWLFDO UHSUHVHQWDWLRQV 7KHUH DUH
WZR SRWHQWLDO PHFKDQLVPV E\ ZKLFK WKH EDVDO JDQJOLD FRXOG KDYH WKLV HIIHFW LQ RQH PHFKDQLVP
WKH EDVDO JDQJOLD WKHPVHOYHV DUH DEOH WR UHPRYH WRQLF LQKLELWLRQ IURP WKH SUHIURQWDO FRUWH[ WKHUHE\
DOORZLQJ DGGLWLRQDO DFWLYDWLRQ WR UHVXOW LQ UDSLG XSGDWHG ,Q WKH RWKHU PHFKDQLVP SKDVLF GRSDPLQH

± ZKLFK LV UHOHDVHG IURP WKH VXEVWDQWLD QLJUD SDUV FRPSDFWD DQG YHQWUDO WHJPHQWDO DUHDV VWUXFWXUHV
XQGHU WKH FRQWURO RI WKH EDVDO JDQJOLD DQG SUHIURQWDO FRUWH[ ± VWLPXODWHV ' GRSDPLQH UHFHSWRUV LQ
WKH SUHIURQWDO FRUWH[ DQG DOORZV DQ XSGDWH WR RFFXU 2¶5HLOO\ 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7KLV FKDSWHU KDV SURYLGHG D RYHUYLHZ RI WKH KLVWRU\ RI UHZDUGUHODWHG OHDUQLQJ GHVFULEHG H[SHUL
PHQWDO PHWKRGRORJ\ DQG LWV OLPLWDWLRQV DQG KDV OLVWHG D QXPEHU RI WKHRUHWLFDO DFFRXQWV WKDW KDYH
EHHQ SUHYLRXVO\ DGYDQFHG IRU XQGHUVWDQGLQJ WKH IXQFWLRQ RI WKH EDVDO JDQJOLD 7KH FXUUHQW VWDWH RI
DIIDLUV VXJJHVWV WKDW WKH GDWD DUH QRW VXIILFLHQWO\ FRQVWUDLQLQJ WR VWURQJO\ SUHIHU SDUWLFXODU WKHRUHWLFDO
DFFRXQWV RYHU RWKHUV
7KH PDLQ JRDO RI WKLV GLVVHUWDWLRQ LV WR VHHN DGGLWLRQDO HYLGHQFH WKDW PLJKW SURYLGH DGGLWLRQDO
FRQVWUDLQWV WR VKRZ ZKLFK RI WKHVH PRGHOV DUH PRUH OLNHO\ WR EH FRUUHFW ,W LV WKH KRSH WKDW WKH
H[SHULPHQWDO UHVXOWV ZLOO HOXFLGDWH WKH QDWXUH RI EDVDO JDQJOLD FRPSXWDWLRQV DQG EXLOG RQ WKHVH
H[LVWLQJ PRGHOV WR JHQHUDWH D FRQFHSWXDO IUDPHZRUN WKDW KDV D VLJQLILFDQW DPRXQW RI H[SODQDWRU\
SRZHU

)LJXUH  $Q LOOXVWUDWLRQ RI WKH PRGHOEDVHG DQDO\VLV DSSURDFK XVHG WR DQDO\]H I05, GDWD
LQ WKLV GLVVHUWDWLRQ 7KLV PHWKRG DOORZV QXPHULFDO SUHGLFWLRQV IURP WKH LQWHUQDO YDULDEOHV LQ FRP
SXWDWLRQDO PRGHOV WR EH XVHG WR PDNH SUHGLFWLRQV DERXW QHXURQDO DFWLYLW\ LQ KXPDQ SDUWLFLSDQWV
7KH VWDUWLQJ SRLQW LV KXPDQ EHKDYLRU LQ WKH XSSHUULJKW FRUQHU :H LPSOHPHQW D 5/ DJHQW WKDW
JHQHUDWHV VLPXODWHG EHKDYLRU :H DUH DEOH WR PD[LPL]H WKH ILW RI WKH 5/ DJHQWV¶ EHKDYLRU WR WKH
KXPDQ SDUWLFLSDQWV¶ EHKDYLRU E\ FKDQJLQJ WKH OHDUQLQJ UDWH SDUDPHWHU λ LQ WKH VHFRQG HTXDWLRQ
2QFH WKLV ILW LV PD[LPL]HG D UHJUHVVRU IRU DFWLRQVSHFLILF UHZDUG SUHGLFWLRQ HUURU FDQ EH JHQHUDWHG
IURP WKH LQWHUYDO YDULDEOH LQ WKH PRGHO IRU UHZDUG SUHGLFWLRQ HUURU δ LQ WKH WKLUG HTXDWLRQ 6HH
WKH WH[W RQ SDJH  IRU PRUH GLVFXVVLRQ

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$UH WKH EDVDO JDQJOLD LQYROYHG LQ WKH UHLQIRUFHPHQW OHDUQLQJ RI SK\VLFDO DQG FRJQLWLYH DFWLRQV"
3ULRU HYLGHQFH IURP SULPDWH SK\VLRORJ\ DQG KXPDQ I05, VWXGLHV VXJJHVW WKDW WKHUH LV VRPH LQ
YROYHPHQW RI WKH EDVDO JDQJOLD KRZHYHU WKHVH VWXGLHV KDYH OHIW PDQ\ XQDQVZHUHG TXHVWLRQV 1R
FOHDU SLFWXUH KDV \HW HPHUJHG DERXW WKH QDWXUH RI FRPSXWDWLRQV SHUIRUPHG LQ WKH EDVDO JDQJOLD
QRU DERXW WKH ORFDOL]DWLRQ RI WKHVH FRPSXWDWLRQV 'R WKH EDVDO JDQJOLD FRPSXWH UHZDUGSUHGLFWLRQ
HUURU IRU ERWK SK\VLFDO DQG FRJQLWLYH DFWLRQV" $UH UHZDUGSUHGLFWLRQ HUURUV DOO FRPSXWHG LQ WKH
VDPH ORFDWLRQ LQ WKH QXFOHXV DFFXPEHQV RU DUH WKH\ LQ GLIIHUHQW ORFDWLRQV LQ WKH GRUVDO VWULDWXP" ,I
UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV IRU GLIIHUHQW DFWLRQV WDNH SODFH LQ WKH EDVDO JDQJOLD GR WKHVH
FRPSXWDWLRQV RYHUODS VSDWLDOO\ ZLWK UHJLRQV LQYROYHG LQ WKH FRQWURO RI WKRVH DFWLRQV"
'DWD IURP QHXURDQDWRPLFDO HOHFWURSK\VLRORJLFDO DQG QHXURLPDJLQJ H[SHULPHQWV SRLQW WR SRV
VLEOH FLUFXLWU\ WKDW PD\ VXSSRUW FRPSXWDWLRQV UHTXLUHG E\ 5/ 1HXURDQDWRPLFDO VWXGLHV KDYH VKRZQ
WKDW WKHUH DUH SDUDOOHO SDWKZD\V SURMHFWLQJ WR WKH EDVDO JDQJOLD IURP GLIIHUHQW UHJLRQV RI QHRFRUWH[
LQFOXGLQJ VNHOHWRPRWRU RFXORPRWRU DQG FRJQLWLYH UHJLRQV 7KHVH SDUDOOHO SDWKZD\V FRXOG SURYLGH
D PHFKDQLVP IRU WKH EDVDO JDQJOLD WR DFW RQ DFWLRQVSHFLILF UHSUHVHQWDWLRQV LQ QHRFRUWH[ ,Q WKHVH
FLUFXLWV WKH VWULDWXP LV SDUWLFXODUO\ LPSRUWDQW EHFDXVH LW LV FRQVLGHUHG WKH PDLQ LQSXW QXFOHXV RI
WKH EDVDO JDQJOLD UHFHLYLQJ VXEVWDQWLDO LQQHUYDWLRQ IURP QHDUO\ HYHU\ UHJLRQ RI WKH FHUHEUDO FRUWH[
7KH VWULDWXP LV DOVR KHDYLO\ LQQHUYDWHG E\ GRSDPLQHUHOHDVLQJ QHXURQV RI WKH VXEWDQWLD QLJUD SDUV
FRPSDFWD DQG WKH YHQWUDO WHJPHQWDO DUHD $OWKRXJK WKH LQSXWV IURP QHRFRUWH[ FDUU\ SHUFHSWXDO
PRWRU DQG JRDOUHODWHG LQIRUPDWLRQ WKH GRSDPLQH QHXURQV DSSHDU WR WUDQVPLW LQIRUPDWLRQ UHODWHG
WR UHZDUGSUHGLFWLRQ HUURU

+RZHYHU LW UHPDLQV WR EH VKRZQ ZKHWKHU WKLV FRQYHUJHQFH RI WKLV QHRFRUWLFDO DQG GRSDPLQ
HUJLF LQSXW FRXOG OHDG WR DFWLRQVSHFLILF 5/ FRPSXWDWLRQV 7KH K\SRWKHVLV DERXW WKH ORFDOL]DWLRQ
RI DFWLRQVSHFLILF UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV WR GLIIHUHQW ORRSV LV WKXV EDVHG RQ WKH LGHD
WKDW WKLV FLUFXLWU\ LV LQYROYHG LQ DOORZLQJ WKH EDVDO JDQJOLD WR DSSO\ WKH VDPH W\SH RI FRPSXWD
WLRQ WR DOO DIIHUHQW DFWLYLW\ LH WKH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ HUURUV IRU QHRFRUWLFDO DFWLRQ
UHSUHVHQWDWLRQV
,Q WKLV FKDSWHU D EHKDYLRUDO DQG QHXURLPDJLQJ H[SHULPHQWDO SDUDGLJP LV GHYHORSHG WKDW DO
ORZV GLUHFW FRPSDULVRQV RI OHDUQLQJ UDWHV DV\PSWRWLF SHUIRUPDQFH OHYHOV DQG QHXUDO DFWLYLW\ ZKLOH
WKUHH GLIIHUHQW FODVVHV RI DFWLRQV DUH SRVLWLYHO\ DQG QHJDWLYHO\ UHLQIRUFHG 7KH SDUDGLJP DOORZV
ERWK SK\VLFDO DQG FRJQLWLYH DFWLRQV WR EH VWXGLHG )RU WKLV SDUWLFXODU H[SHULPHQW WKH HIIHFWV RI
UHLQIRUFHPHQW RQ WKUHH W\SHV RI DFWLRQV ZLOO EH VWXGLHG VNHOHWRPRWRU DFWLRQV KDQG PRYHPHQWV
RFXORPRWRU DFWLRQV H\H PRYHPHQWV DQG DWWHQWLRQVKLIW DFWLRQV FRYHUW VKLIWV RI YLVXDOVSDWLDO DW
WHQWLRQ 0RGHOEDVHG DQDO\VLV RI I05, GDWD ZDV XVHG WR WHVW WKH K\SRWKHVLV WKDW UHZDUGSUHGLFWLRQ
HUURUV DUH FRPSXWHG LQ VSDWLDOO\ GLVWLQFW ORFDWLRQV WKDW FRUUHVSRQG WR WKH UHJLRQV LQYROYHG LQ WKH
SK\VLFDO DQG FRJQLWLYH DFWLRQV WKDW DUH EHLQJ UHLQIRUFHG
3ULRU WR WKH I05, VWXG\ D EHKDYLRU SLORW VWXG\ ZLWK D ODUJHU QXPEHU RI SDUWLFLSDQWV ZDV FDUULHG
RXW WR REWDLQ EHKDYLRUDO PHDVXUHPHQWV RI 5/ DQG WR GHWHUPLQH WKH SDUDPHWHUV RI WKH VWXG\ 7KH
EHKDYLRUDO GDWD DOORZHG D FORVH H[DPLQDWLRQ RI WKH EHKDYLRUDO HIIHFWV RI UHLQIRUFHPHQW ,Q SDUWLFX
ODU WKH GDWD SURYLGHG DQVZHUV WR D QXPEHU RI DGGLWLRQDO TXHVWLRQV &DQ GLIIHUHQW DFWLRQV EH OHDUQHG
WR WKH VDPH DV\PSWRWLF OHYHOV DQG DW WKH VDPH UDWHV" ,I VR WKLV VXJJHVWV WKDW D VLPLODU OHDUQLQJ
DOJRULWKP LV LQYROYHG LQ OHDUQLQJ WKH DFWLRQV &DQ WKH GLIIHUHQW DFWLRQV EH ILW HTXDOO\ ZHOO ZLWK 5/
DJHQWV" ,I VR WKLV SURYLGHV HYLGHQFH LQ VXSSRUW RI WKH LGHD WKDW 5/ ± LH VHOHFWLQJ DFWLRQV EDVHG
RQ OHDUQHG UHZDUG SUHGLFWLRQV ± PD\ EH WKDW FRPPRQ DOJRULWKP

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7KH QH[W VHFWLRQV FRQWDLQ WKH WH[W RI DQ DUWLFOH WR EH VXEPLWWHG GHVFULELQJ WKH PDLQ H[SHULPHQWDO
UHVXOWV RI WKLV GLVVHUWDWLRQ SURMHFW
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$Q LPSRUWDQW FKDOOHQJH IRU WKH QHUYRXV V\VWHP LV WR VROYH WKH SUREOHP RI VHOHFWLQJ FRQWUROOLQJ
DQG FRRUGLQDWLQJ DFWLYLW\ SDWWHUQV LQ WKH EUDLQ WR JHQHUDWH LQWHOOLJHQW DGDSWLYH EHKDYLRUV OHDGLQJ WR
SRVLWLYH RXWFRPHV IRU WKH RUJDQLVP :H SURSRVH WKDW D NH\ SDUW RI WKH EUDLQ¶V VROXWLRQ WR WKLV SURE
OHP LQYROYHV DQ LPSOHPHQWDWLRQ RI 5HLQIRUFHPHQW /HDUQLQJ 5/ WKDW XVHV WKH ZHOOGRFXPHQWHG
GLVWULEXWHG SDWWHUQ RI ORRS FRQQHFWLYLW\ EHWZHHQ QHRFRUWH[ DQG WKH EDVDO JDQJOLD ,Q SDUWLFXODU ZH
SURSRVH WKDW WKH EUDLQ  GHOHJDWHV FRQWURO RI DFWLRQV WR ORFDO DUHDV RI FHUHEUDO FRUWH[  VHOHFWV
SDUWLFXODU DFWLRQV E\ XVLQJ UHFXUUHQW FRUWLFREDVDO JDQJOLD ORRS DFWLYDWLRQ G\QDPLFV DQG  XVHV
JOREDO SKDVLF GRSDPLQH DV D UHLQIRUFHPHQW VLJQDO WR PRGXODWH WKHVH UHFXUUHQW G\QDPLFV WR PD[
LPL]H IXWXUH UHZDUG IRU WKH RUJDQLVP DV D ZKROH ,Q WKLV IUDPHZRUN WKH EDVDO JDQJOLD SURYLGH D
JHQHUDOSXUSRVH PHFKDQLVP WKDW DOORZV JOREDO GRSDPLQH WR G\QDPLFDOO\ DQG VHOHFWLYHO\ UHLQIRUFH
SDWWHUQV RI QHRFRUWLFDO DFWLYLW\ IRU SK\VLFDO DV ZHOO DV FRJQLWLYH DFWLRQV WKURXJK WKH XSGDWLQJ RI UH
ZDUG SUHGLFWLRQV ZLWKLQ FRUWLFREDVDO JDQJOLD ORRSV ,Q VXSSRUW RI WKLV LGHD ZH SURYLGH EHKDYLRUDO
I05, DQG FRPSXWDWLRQDO HYLGHQFH ,Q D EHKDYLRUDO VWXG\ ZH H[DPLQHG SDUWLFLSDQWV¶ SHUIRUPDQFH
DV WKH\ ZHUH UHZDUGHG IRU SHUIRUPLQJ KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW VKLIWV RI YLVXDO
DWWHQWLRQ LQ D VLQJOH WDVN :H IRXQG WKDW SDUWLFLSDQWV FRXOG OHDUQ WKH EHKDYLRUV HTXDOO\ ZHOO VXJJHVW
LQJ WKDW D VLPLODU DOJRULWKP PD\ EH XVHG ZKHQ OHDUQLQJ GLIIHUHQW DFWLRQV )XUWKHUPRUH ZH IRXQG
WKDW 5/ VLPXODWLRQV ZHUH DEOH WR ILW WKH SDUWLFLSDQWV¶ GDWD HTXDOO\ ZHOO VXJJHVWLQJ D FRPPRQ OHDUQ
LQJ DOJRULWKP EDVHG RQ UHZDUGSUHGLFWLRQ HUURU IRU WKHVH PRWRU DQG FRJQLWLYH LH QRQPRWRULF
DFWLRQV ,Q DQ I05, VWXG\ ZH H[DPLQHG %2/' I05, VLJQDOV LQ WKH EDVDO JDQJOLD DV SDUWLFLSDQWV
ZHUH UHLQIRUFHG IRU WKHVH VDPH WKUHH W\SHV RI DFWLRQ :H IRXQG WKDW GHSHQGLQJ RQ WKH W\SH RI DFWLRQ

WKDW LV EHLQJ UHLQIRUFHG UHZDUGSUHGLFWLRQ HUURU UHJUHVVRUV GHULYHG IURP 5/ DJHQWV FRUUHODWHG ZLWK
%2/' DFWLYLW\ LQ GLVWLQFW UHJLRQV RI WKH VWULDWXP WKH VDPH JHQHUDO UHJLRQV WR ZKLFK QHRFRUWLFDO UHS
UHVHQWDWLRQV IRU WKRVH DFWLRQV DUH NQRZQ WR SURMHFW 6SHFLILFDOO\ ZH IRXQG WKDW UHZDUGSUHGLFWLRQ
HUURUV IRU ULJKWKDQG PRYHPHQWV ZHUH FRPSXWHG LQ WKH OHIW SXWDPHQ UHZDUGSUHGLFWLRQ HUURUV IRU
H\H PRYHPHQWV ZHUH FRPSXWHG LQ WKH GRUVDO VWULDWXP DQG DQWHULRU FDXGDWH DQG UHZDUGSUHGLFWLRQ
HUURUV IRU FRYHUW DWWHQWLRQ VKLIWV ZHUH FRPSXWHG LQ WKH DQWHULRU FDXGDWH 7KHVH UHVXOWV VXJJHVW WKDW
WKH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ HUURUV IRU VSHFLILF DFWLRQV LV RQH RI WKH IXQFWLRQV LPSOHPHQWHG
E\ FRUWLFREDVDO JDQJOLD ORRSV $OH[DQGHU 'H/RQJ 	 6WULFN  DQG WKDW LQGLYLGXDO DFWLRQV
WKDW PD\ EH FRPSRVHG LQWR D PRUH FRPSOH[ EHKDYLRU FDQ EH UHLQIRUFHG LQGHSHQGHQWO\ ,PSRUWDQWO\
WKHVH UHVXOWV HVWDEOLVK WKDW UHZDUGSUHGLFWLRQ HUURUV DUH FRPSXWHG QRW MXVW IRU SK\VLFDO DFWLRQV LH
KDQG PRYHPHQWV DQG H\H PRYHPHQWV EXW IRU FRJQLWLYH ³DFWLRQV´ DV ZHOO LH FRYHUW DWWHQWLRQ
VKLIWV ,Q FRQWUDVW WR WKH WUDGLWLRQDO YLHZ RI WKHLU SULPDU\ LQYROYHPHQW LQ UHDOWLPH PRWRU FRQWURO
WKHVH UHVXOWV KLJKOLJKW D UROH IRU WKH EDVDO JDQJOLD LQ UDSLG OHDUQLQJ DQG FRQWURO RI QRQPRWRU DF
WLRQV SURYLGLQJ D IXQFWLRQDO H[SODQDWLRQ IRU SULRU DQDWRPLFDO ILQGLQJV WKDW WKH EDVDO JDQJOLD DUH
FRQQHFWHG WR FRJQLWLYH DUHDV DV ZHOO DV PRWRU DUHDV 7KHVH UHVXOWV DOVR GHPRQVWUDWH KRZ D JOREDO
UHLQIRUFHPHQW VLJQDO VXFK DV WKDW K\SRWKHVL]HG WR EH PHGLDWHG E\ GRSDPLQH FDQ EH XVHG WR OHDUQ
DFWLRQV FRQWUROOHG E\ VSHFLILF QHRFRUWLFDO UHJLRQV 7KH VHSDUDWH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ
HUURUV IRU GLIIHUHQW QHRFRUWLFDO UHSUHVHQWDWLRQV KHOSV H[SODLQ SUHYLRXVO\ SUREOHPDWLF UHVXOWV ZLWK
EORFNLQJ DQG GRZQVKLIWLQJ RI YDOXHV +ROODQG  )LQDOO\ ZH UHYLHZ VRPH 5/ VLPXODWLRQV
WKDW GHPRQVWUDWH  KRZ WKH UHLQIRUFHPHQW RI LQGHSHQGHQW DFWLRQV FDQ OHDG WR WKH DSSDUHQW FRRUGL
QDWLRQ RI WKRVH DFWLRQV LQWR ³LQWHOOLJHQW´ EHKDYLRUV DQG  KRZ WKH PDSSLQJ RI UHZDUGSUHGLFWLRQ
HUURUV WR SKDVLF GRSDPLQH KHOSV H[SODLQ LWV LQYROYHPHQW LQ DSSDUHQWO\ QRQUHZDUGUHODWHG DFWLYLW\
OLNH QRYHOW\ DQG VDOLHQF\ UHVSRQVHV :H FRQFOXGH WKDW WKH JOREDO UHLQIRUFHPHQW RI ORFDO GHOHJDWHG
FRQWURO LV D YLDEOH PHFKDQLVP DYDLODEOH WR WKH EUDLQ WR WKH VROYH SUREOHP RI OHDUQLQJ WR FRQWURO DQG
FRRUGLQDWH SK\VLFDO DQG FRJQLWLYH DFWLRQV LQWR PRUH FRPSOH[ EHKDYLRUV PXFK OLNH ERQXVHV WR DOO
HPSOR\HHV RI D FRUSRUDWLRQ FDQ UHVXOW LQ LPSURYHG FRRUGLQDWHG SHUIRUPDQFH

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+XPDQV DUH DEOH WR FRQWURO D ZLGH YDULHW\ RI DFWLRQV DQG RUJDQL]H WKHP LQWR LQWHOOLJHQW DGDSWLYH
EHKDYLRUV 2XU DELOLW\ WR HIIHFWLYHO\ FRQWURO VXFK EHKDYLRUV LV TXLWH UHPDUNDEOH ZKHQ RQH FRQVLG
HUV KRZ WKH VL]H RI WKH KXPDQ EUDLQ HVWLPDWHG DW  ELOOLRQ QHXURQV LPSRVHV VHYHUH FRQVWUDLQWV
RQ FRQQHFWLYLW\ EHWZHHQ LWV SDUWV RQO\ D VPDOO VXEVHW RI WKH SRVVLEOH FRQQHFWLRQV WKURXJK ZKLFK
FRQWURO FDQ EH H[HUWHG H[LVW )RU H[DPSOH LW LV HVWLPDWHG WKDW D JLYHQ QHXURQ RQO\ UHFHLYHV FRQ
QHFWLRQV IURP DQ DYHUDJH RI  RWKHUV LH  RI WKH QHXURQV LQ WKH EUDLQ 7KLV
OLPLWDWLRQ RQ FRQQHFWLYLW\ IROORZV IURP D ZLULQJVSDFH FRQVWUDLQW DQG LV OLNHO\ WR EH DORQJ ZLWK HQ
HUJ\ HIILFLHQF\ D NH\ IDFWRU LQ EUDLQ RUJDQL]DWLRQ HJ &KNORYVNLL  )XUWKHU QHXURQV PXVW
EH VXIILFLHQWO\ GHSRODUL]HG E\ DIIHUHQW DFWLYLW\ EHIRUH WKH\ ILUH DQ DFWLRQ SRWHQWLDO DQG WKHUHIRUH
JHQHUDWH RXWSXW DW WKHLU V\QDSWLF WHUPLQDOV 7KH FRQWUROOHG DFWLYDWLRQ RI SDUWLFXODU VHWV RI QHXURQV
WKHUHIRUH UHTXLUHV HLWKHU D VLJQLILFDQW FRQYHUJHQFH RI FRQQHFWLYLW\ RU D WHPSRUDO SDWWHUQ WKDW LV DEOH
WR WULJJHU DQGRU PDLQWDLQ WKH GHVLUHG DFWLYDWLRQ SDWWHUQV 7KLV FRPELQDWLRQ RI VSDUVH FRQQHFWLYLW\
DQG WKUHVKROGHG ILULQJ LPSRVHV VHYHUH OLPLWV RQ KRZ WKH EUDLQ FDQ FRQWURO LWVHOI 1HYHUWKHOHVV ZH
GR H[KLELW WKH DELOLW\ WR HIILFLHQWO\ FRQWURO D ODUJH YDULHW\ RI QRQLQVWLQFWXDO DFWLRQV DQG RUJDQL]H
WKHP LQWR DGDSWLYH DQG LQWHOOLJHQW EHKDYLRUV ± EXW KRZ"
7KH DQVZHU WKDW ZH FRQVLGHU LQ WKLV WKHVLV LV WKDW WKH EUDLQ¶V VROXWLRQ IRU DFKLHYLQJ HIILFLHQW
FRQWURO RI LWVHOI LV EDVHG XSRQ OHDUQLQJ WKURXJK UHLQIRUFHPHQW :H SUHVHQW D WKHRUHWLFDO IUDPHZRUN
EDVHG RQ 5HLQIRUFHPHQW /HDUQLQJ 5/ WKDW H[SODLQV KRZ WKH EUDLQ LV DEOH WR FRQWURO DQG FRRUGL
QDWH QHRFRUWLFDO DFWLYLW\ SDWWHUQV WKDW OHDG WR SK\VLFDO DQGRU FRJQLWLYH DFWLRQV $W D JURVV OHYHO
WKH IUDPHZRUN VWDWHV WKDW WKH EUDLQ GRHV WKLV E\ GHOHJDWLQJ FRQWURO RI DFWLRQV WR ORFDO VSHFLDOL]HG
UHJLRQV RI WKH QHRFRUWH[ DQG E\ XVLQJ D JOREDO QRQVSHFLILF UHLQIRUFHPHQW VLJQDO WR DGMXVW WKH
OLNHOLKRRG RI SHUIRUPLQJ WKRVH DFWLRQV E\ PRGXODWLQJ WKH VWUHQJWKV RI PRVWO\ FORVHG ORRSV IHHG
LQJ EDFN WR WKRVH QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQV 7KLV ³JOREDOO\UHLQIRUFHG ORFDOO\FRQWUROOHG´
PHFKDQLVP DOORZV WKH DSSURSULDWH DFWLRQV WR EH VHOHFWHG LQ DFFRUGDQFH ZLWK WKHLU OLNHOLKRRG RI OHDG
LQJ WR SRVLWLYH RXWFRPHV DQG KHOSV VLGHVWHS WKH QHHG IRU VWURQJ DQG KLJKO\ VSHFLILF FRUWLFRFRUWLFDO
FRQQHFWLRQV IRU H[HUWLQJ FRQWURO $OVR EHFDXVH WKH FRQWURO RI WKH DFWLRQV LV GHOHJDWHG UDWKHU WKDQ
FRQWUROOHG E\ D FHQWUDO H[HFXWLYH ZH SURSRVH LQ WKH *HQHUDO 'LVFXVVLRQ WKDW LW PLWLJDWHV WKH KR
PXQFXOXV SUREOHP WKDW IUHTXHQWO\ DULVHV LQ FRJQLWLYH FRQWURO WKHRULHV $W WKH FRUH RI WKLV IUDPHZRUN

LV WKH LGHD WKDW VHOHFWLRQ RI EHKDYLRUV DQG WKH LQGLYLGXDO DFWLRQV WKDW FRPSULVH WKHP DUH JXLGHG E\
D GULYH WR PD[LPL]H WKH RYHUDOO UHZDUG UHFHLYHG E\ WKH RUJDQLVP 7KLV LGHD LV FDSWXUHG HOHJDQWO\
E\ 5/ ZKLFK UHIHUV JHQHUDOO\ WR FRPSXWDWLRQDO DOJRULWKPV ZKHUHLQ DFWLRQV VHOHFWHG E\ DQ RUJDQ
LVP WKH µDJHQW¶ DUH JXLGHG E\ OHDUQHG DQWLFLSDWHG UHZDUG LH UHZDUG SUHGLFWLRQV ,Q WKH PRVW
ZLGHO\XVHG LPSOHPHQWDWLRQV RI 5/ DV ZHOO DV LQ WKH SURSRVHG IUDPHZRUN WKHVH UHZDUG SUHGLF
WLRQV DUH OHDUQHG WKURXJK UHZDUGSUHGLFWLRQ HUURUV LH GLIIHUHQFHV EHWZHHQ H[SHFWHG DQG UHFHLYHG
UHZDUG 5HZDUGSUHGLFWLRQ HUURUV KDYH EHHQ GHPRQVWUDWHG WR EH DQ LPSRUWDQW FRPSRQHQW RI WKH
VLJQDO EURDGFDVW WKURXJKRXW WKH EUDLQ E\ SKDVLF GRSDPLQH 6FKXOW] HW DO  ,Q DJUHHPHQW ZLWK
SULRU SURSRVDOV WKH JOREDO UHLQIRUFHPHQW VLJQDO LQ WKLV IUDPHZRUN LV K\SRWKHVL]HG WR EH FRQYH\HG
E\ SKDVLF FKDQJHV LQ GRSDPLQH ,W FDQ EH GHPRQVWUDWHG WKURXJK VLPXODWLRQV WKDW 5/EDVHG IUDPH
ZRUNV DUH FRPSXWDWLRQDOO\ SRZHUIXO EHFDXVH WKH JOREDO UHLQIRUFHPHQW RI LQGHSHQGHQW DFWLRQV FDQ
JLYH ULVH WR WKH FRRUGLQDWLRQ RI DFWLRQV WKDW PLJKW EH UHSUHVHQWHG LQ GLVWDQW SDUWV RI WKH EUDLQ HJ
WKH FRRUGLQDWLRQ RI YDULRXV SHUFHSWXDO FRJQLWLYH DQG PRWRU SURFHVVHV LQ UHDGLQJ /DXUHQW DQG 5H
LFKOH VXEPLWWHG 5HLFKOH DQG /DXUHQW 
$OWKRXJK SULRU UHVHDUFK VKRZV WKDW GRSDPLQH LV OLNHO\ WR EH LQYROYHG LQ 5/ EHFDXVH LW FRQYH\V
UHZDUGSUHGLFWLRQ HUURU VLJQDOV LW UHPDLQV WR EH VKRZQ ZKHWKHU VXFK D JOREDOO\EURDGFDVW UHZDUG
SUHGLFWLRQ HUURU GRSDPLQH VLJQDO FDQ LQ IDFW UHLQIRUFH VSHFLILF DFWLRQV RQ D QHXUDO V\VWHPV OHYHO
7KH JOREDO QDWXUH RI WKH GRSDPLQH VLJQDO UDLVHV TXHVWLRQV DERXW ZKHWKHU DQG ZKHUH DFWLRQVSHFLILF
5/ FRPSXWDWLRQV DUH FRPSXWHG DQG VWRUHG 7KHUH LV HYLGHQFH RI GRSDPLQHGHSHQGHQW SODVWLFLW\
IRU FRUWLFRVWULDWDO V\QDSVHV 5H\QROGV DQG :LFNHQV  DQG WKDW SODVWLFLW\ PD\ EH VHOHFWLYH IRU
DFWLYH V\QDSVHV HJ %DPIRUG HW DO  $QRWKHU ILQGLQJ SDUWLDOO\ DGGUHVVHV WKHVH TXHVWLRQV
DW D FRDUVHU V\VWHPV OHYHO GRSDPLQH V\QWKHVLV FDSDFLW\ LQ VSHFLILF UHJLRQV RI WKH VWULDWXP KDV
EHHQ VKRZQ WR GLIIHUHQWLDOO\ FRUUHODWH WR SHUIRUPDQFH RI DFWLRQV LQ PRWRU YHUVXV FRJQLWLYH GRPDLQV
/DQGDX HW DO  +RZHYHU WKH UHODWLRQ RI 5/ VLJQDOV WR WKH VSHFLILF DFWLRQV WKDW DUH EHLQJ
UHLQIRUFHG DV ZHOO DV WKH FLUFXLWV WKDW FRPSXWH UHZDUGSUHGLFWLRQ HUURUV VWRUH WKH UHVXOWLQJ UHZDUG
SUHGLFWLRQV IRU GLIIHUHQW DFWLRQV KDV VR IDU UHPDLQHG HOXVLYH 7KHVH TXHVWLRQV DUH D PRWLYDWLQJ
IDFWRU IRU WKH GHVLJQ RI WKH H[SHULPHQW GHVFULEHG EHORZ $OWKRXJK UHFHQW UHVHDUFK KDV VXJJHVWHG WKH
SRVVLELOLW\ WKDW UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV XVHG E\5/ DUH SHUIRUPHG LQ WKH EDVDO JDQJOLD
PDQ\ TXHVWLRQV UHPDLQ )LUVW LW LV QRW FHUWDLQ KRZ WKHVH FRPSXWDWLRQV PDS RQWR WKH EDVDO JDQJOLD
FLUFXLWU\ $OWKRXJK WKH FHOOXODU FRQWHQW RI WKH VWULDWXP LV UHODWLYHO\ XQLIRUP DQG WKH RYHUDOO DQDWRP\

RI WKH EDVDO JDQJOLD LV RUJDQL]HG LQWR SDUDOOHO SDWKZD\V LW LV XQFOHDU ZKHWKHU WKH EDVDO JDQJOLD DUH
FRPSXWDWLRQDOO\ KRPRJHQRXV LH ZKHWKHU WKH\ DSSO\ WKH VDPH FRPSXWDWLRQ WR DOO LQSXWV 7KLV
LV DQ LPSRUWDQW SRLQW EHFDXVH LI IRU H[DPSOH WKH VLJQDWXUHV RI 5/ FRPSXWDWLRQV DUH VKRZQ WR
RFFXU LQ DOO SDUWV RI WKH EDVDO JDQJOLD LW LV OLNHO\ WKDW WKH SDUDOOHO VWUXFWXUH RI WKH EDVDO JDQJOLD
LV LPSRUWDQW LQ SHUIRUPLQJ WKRVH FRPSXWDWLRQV 2Q WKH RWKHU KDQG LI 5/ FRPSXWDWLRQV DUH RQO\
SHUIRUPHG LQ D UHVWULFWHG UHJLRQ RI WKH EDVDO JDQJOLD WKHQ LW LV PRUH OLNHO\ WKDW VRPH ORFDO SURSHUW\
VXFK DV DIIHUHQW LQIRUPDWLRQ IURP D SDUWLFXODU FRUWLFDO UHJLRQ LV LPSRUWDQW IRU WKRVH FRPSXWDWLRQV
,Q SDUWLFXODU VRPH UHVHDUFKHUV KDYH SURSRVHG WKDW WKH EDVDO JDQJOLD SHUIRUP GLIIHUHQW FRPSXWDWLRQV
GHSHQGLQJ RQ ZKHWKHU LQSXWV DUULYH LQ WKH YHQWUDO RU GRUVDO SRUWLRQV RI WKH VWULDWXP IRU D UHYLHZ
VHH :LFNHQV HW DO 
7HVWLQJ WKH LGHD WKDW WKH EDVDO JDQJOLD DUH LQYROYHG LQ SDUWLFXODU FRPSXWDWLRQV UHTXLUHV NQRZLQJ
ZKDW LQIRUPDWLRQ WKRVH FRPSXWDWLRQV DUH RSHUDWLQJ RQ WKDW LV ZKDW LQIRUPDWLRQ WKH EDVDO JDQJOLD
UHFHLYH 7KH EDVDO JDQJOLD KDYH EHHQ WUDGLWLRQDOO\ YLHZHG DV D PRWRU FRQWURO VWUXFWXUH QRW RQO\
EHFDXVH EDVDO JDQJOLD GLVRUGHUV OLNH 3DUNLQVRQ¶V DQG +XQWLQJWRQ¶V GLVHDVHV GLVUXSW PRYHPHQWV
EXW DOVR EHFDXVH RI WKH H[WHQVLYH DQDWRPLFDO DQG IXQFWLRQDO FRQQHFWLRQV EHWZHHQ WKH EDVDO JDQJOLD
DQG IURQWDO FRUWH[ *HUDUGLQ HW DO  /HKpULF\ HW DO E )RU H[DPSOH WKH SXWDPHQ KDV
EHHQ HVWDEOLVKHG DV D VWULDWDO ]RQH IRU WKH FRQWURO RI VNHOHWDO PXVFOHV VXFK DV WKRVH XVHG LQ KDQG
PRYHPHQWV &UXWFKHU DQG 'H/RQJ  2WKHU UHVHDUFK KDV IRFXVHG RQ GRUVDOPRVW SDUWV RI WKH
FDXGDWH DQG SXWDPHQ DV LQYROYHG LQ WKH FRQWURO RI VDFFDGLF H\H PRYHPHQWV %URZQ HW DO 
 &DO]DYDUD HW DO  *HUDUGLQ HW DO  6ZHHQH\ HW DO  +RZHYHU QHXURVFLHQWLVWV
KDYH LQFUHDVLQJO\ DFNQRZOHGJHG WKH IDFW WKDW WKH EDVDO JDQJOLD KDYH FRQQHFWLRQV ZLWK QRQPRWRU
QHRFRUWLFDO DUHDV VXJJHVWLQJ WKDW WKH\ DUH LQYROYHG LQ FRJQLWLYH FRQWURO ,Q SDUWLFXODU I05, VWXG
LHV KDYH VKRZQ WKDW WKH KHDG RI WKH FDXGDWH LV PRUH DFWLYH IRU FRYHUW DWWHQWLRQ VKLIWV FRPSDUHG
WR VDFFDGHV 3HUU\ DQG =HNL  DQG WKH DQWHULRU SDUWV RI WKH VWULDWXP DUH LQYROYHG LQ WKH FRQ
WURO DQG PRGXODWLRQ RI DWWHQWLRQ &RUEHWWD HW DO  7KHUH DOVR H[LVWV DQDWRPLFDO HYLGHQFH LQ
VXSSRUW RI SURMHFWLRQV WR WKH DQWHULRU VWULDWXP IURP SDUWV RI WKH SDULHWDO OREH WKDW DUH K\SRWKHVL]HG
WR EH LQYROYHG LQ DWWHQWLRQ&DYDGD DQG *ROGPDQ5DNLF  /HLFKQHW]  ,QGHHG PHWK
RGV VXFK DV DXWRUDGLRJUDSKLF WUDFLQJ WUDQVQHXURQDO YLUXV WUDQVSRUW DQG GLIIXVLRQ WHQVRU LPDJLQJ
KDYH DOO EHHQ XVHG E\ QHXURDWRPLVWV WR GHPRQVWUDWH FRQQHFWLRQV EHWZHHQ WKH VWULDWXP DQG D YDULHW\
RI IURQWDO SDULHWDO DQG HYHQ WHPSRUDO UHJLRQV LQYROYHG LQ QRQPRWRULF FRJQLWLRQ DQG SHUFHSWLRQ

WDVNV $OH[DQGHU HW DO  /HKpULF\ HW DO E 0LGGOHWRQ DQG 6WULFN  :HEVWHU HW DO
 <HWHULDQ DQG 3DQG\D  ,QWHUHVWLQJO\ WKH RXWSXWV RI WKH EDVDO JDQJOLD SURMHFW EDFN WR
UHJLRQV RI QHRFRUWH[ LQ D YHU\ RUGHUO\ IDVKLRQ VXJJHVWLQJ D ORFDO FORVHGORRS DUFKLWHFWXUH UHSHDWHG
WKURXJKRXW WKH LQYROYHG UHJLRQV 0LGGOHWRQ DQG 6WULFN  7RJHWKHU WKHVH ILQGLQJV VXJJHVW WKH
K\SRWKHVLV WKDW LI WKH EDVDO JDQJOLD GR SHUIRUP D SDUWLFXODU NLQG RI FRPSXWDWLRQ WKDW FRPSXWDWLRQ
PD\ EH RQH WKDW LV UHODWLYHO\ ORFDO DQG OLNHO\ LGHQWLFDO ZLWK UHVSHFW WR HDFK SDUW RI QHRFRUWH[ 7KXV
RQH H[SHULPHQWDO DSSURDFK ZRXOG EH WR LQYHVWLJDWH ZKHWKHU WKH LQYROYHPHQW RI WKH EDVDO JDQJOLD LV
VLPLODU IRU GLIIHUHQW SK\VLFDO DFWLRQV VXFK DV KDQG PRYHPHQWV DQG H\H PRYHPHQWV $QG EHFDXVH
RI WKHLU FRQQHFWLRQ WR FRJQLWLYH DUHDV WKH VDPH TXHVWLRQ FDQ EH DVNHG DERXW WKH LQYROYHPHQW RI WKH
EDVDO JDQJOLD LQ FRJQLWLYH ³DFWLRQV´ DV ZHOO HJ VKLIWV RI FRYHUW DWWHQWLRQ
)URP D SK\VLRORJLFDO SHUVSHFWLYH WKH UHODWLYHO\ UDSLG WLPHFRXUVH RI FKDQJHV LQ GRSDPLQH DQG
VWULDWDO DFWLYLW\ UXQ FRXQWHU WR WKH WUDGLWLRQDO LGHD WKDW WKH EDVDO JDQJOLD DUH LQYROYHG SULPDULO\ LQ
WKH VORZ DFTXLVLWLRQ RI SURFHGXUDO ³VNLOO´ PHPRU\ ,W LV QRZ DSSDUHQW WKDW WKH EDVDO JDQJOLD
DUH LQYROYHG LQ OHDUQLQJ GXULQJ UHODWLYHO\ VKRUW WLPHFRXUVHV IRU D UHYLHZ VHH *UD\ELHO 
(OHFWURSK\VLRORJLFDO UHFRUGLQJV IURP GRSDPLQHUHOHDVLQJ QHXURQV LQGLFDWH WKDW WKHLU SKDVLF DFWLY
LW\ GXULQJ VLPSOH UHZDUGUHODWHG WDVNV LV QRW VLPSO\ FRUUHODWHG ZLWK UHZDUG EXW UDWKHU UHIOHFWV D
³UHZDUGSUHGLFWLRQ HUURU´ VLJQDO WKDW XSGDWHV IURP WULDO WR WULDO ZLWKLQ D VLQJOH H[SHULPHQWDO VHVVLRQ
UHSUHVHQWLQJ D GLIIHUHQFH EHWZHHQ H[SHFWHG DQG UHFHLYHG UHZDUG 6FKXOW] HW DO  )XQFWLRQDO
05, VWXGLHV KDYH PLUURUHG WKHVH ILQGLQJV LQ WKH KXPDQ VWULDWXP ZKLFK LV KHDYLO\ WDUJHWHG E\ WKH
GRSDPLQH QHXURQV DQG KDYH HVWDEOLVKHG FRQQHFWLRQV WR UHLQIRUFHPHQW OHDUQLQJ HJ +DUXQR DQG
.DZDWR  0F&OXUH HW DO  2¶'RKHUW\ HW DO  7DQDND HW DO  ,Q WKHVH VWXGLHV
ZKLFK H[DPLQHG ERWK 3DYORYLDQ DQG LQVWUXPHQWDO FRQGLWLRQLQJ UXQQLQJ YDOXHV IRU UHZDUG H[SHFWD
WLRQV IRU HDFK VWLPXOXV YLHZHG E\ DQGRU DFWLRQ SHUIRUPHG E\ WKH KXPDQ SDUWLFLSDQWV DUH XSGDWHG LQ
D FRPSXWDWLRQDO 5/PRGHO 2Q HDFK WULDO WKH GLIIHUHQFH EHWZHHQ VLPXODWHG UHZDUG H[SHFWDWLRQ DQG
WKH DFWXDO UHZDUG RQ WKH WULDO DUH IRXQG WR FRUUHODWH WR UHJLRQV LQ WKH YHQWUDO DQGRU GRUVDO VWULDWXP
+RZHYHU WKH GLIIHUHQW SDUDGLJPV XVHG LQ WKHVH VWXGLHV IRXQG WKHVH FRUUHODWHG DFWLYDWLRQV LQ GLIIHU
HQW UHJLRQV RI WKH VWULDWXP )URP WKH GDWD LW LV WKHUHIRUH XQFOHDU ZKHWKHU WKH VWULDWXP LV LQYROYHG
LQ UHZDUGSUHGLFWLRQ HUURU LQ D JHQHUDO VHQVH ZLWK DUELWUDU\ UHJLRQV LQYROYHG LQ GLIIHUHQW WDVNV RU
ZKHWKHU VSHFLILF SDUWV RI WKH VWULDWXP DQGRU QHRFRUWH[ DUH XQLTXHO\ LQYROYHG LQ UHZDUGSUHGLFWLRQ
HUURU LQ D WDVNGHSHQGHQW PDQQHU

)URP WKH FRPSXWDWLRQDO SHUVSHFWLYH UHFHQW 5/ VLPXODWLRQV RI UHDOWLPH EHKDYLRUV KDYH GHPRQ
VWUDWHG WKDW D UHODWLYHO\ VLPSOH OHDUQLQJ PHFKDQLVP EDVHG RQ JOREDO UHZDUGSUHGLFWLRQ HUURUV ± LP
SRUWDQWO\ ZLWKRXW DQ\ FHQWUDOL]HG FRQWURO± LV DEOH WR GHYHORS DGDSWLYH FRPSOH[ SDWWHUQV LQ ZKLFK
GLVWLQFW DFWLRQV DSSHDU WR EH FRRUGLQDWHG ,Q WKHVH VLPXODWLRQV UHZDUGSUHGLFWLRQ HUURU KDV EHHQ
XVHG WR FRQWURO DQG FRRUGLQDWH VLPXODWHG PRWRU DQG FRJQLWLYH DFWLRQV LQ UHDOWLPH EHKDYLRUV &RJ
QLWLYH VFLHQFH UHVHDUFK KDV VXFFHVVIXOO\ XVHG FRPSXWHU VLPXODWLRQV RI 5/ DJHQWV WR XQGHUVWDQG KRZ
PRWRU SURFHVVHV DV ZHOO DV SHUFHSWXDO DQG FRJQLWLYH SURFHVVHV PD\ EH OHDUQHG DQG FRRUGLQDWHG WR
HQDEOH HIILFLHQW ³LQWHOOLJHQW´ EHKDYLRU %DOODUG HW DO  %RWYLQLFN HW DO  /DXUHQW 
/DXUHQW DQG 5HLFKOH VXEPLWWHG 5HLFKOH DQG /DXUHQW  ,QWHUHVWLQJO\ WKH PDMRULW\ RI 5/ DO
JRULWKPV ZRUN E\ XVLQJ UHZDUGSUHGLFWLRQ HUURU LH WKH VDPH TXDQWLW\ WKDW LV K\SRWKHVL]HG WR EH
FRQYH\HG E\ GRSDPLQH WR PRGLI\ WKH OLNHOLKRRG RI VHOHFWLQJ DQ DFWLRQ RU WKH YDOXHV DVVLJQHG WR
VWDWHV UHDFKDEOH YLD GLIIHUHQW DFWLRQV *LYHQ WKDW 5/ LV D SDUWLFXODUO\ SRZHUIXO DOJRULWKP IRU H[
SODLQLQJ WKH HPHUJHQFH RI FRRUGLQDWHG ³LQWHOOLJHQW´ EHKDYLRU WKH DSSDUHQW FRQYHUJHQFH EHWZHHQ
5/ FRPSXWDWLRQV DQG PRPHQWWRPRPHQW DFWLYLW\ LQ WKH EDVDO JDQJOLD ZDUUDQWV IXUWKHU LQYHVWL
JDWLRQ ,Q SDUWLFXODU DQ XQGHUVWDQGLQJ RI WKH FRPSXWDWLRQ DQG XVH RI 5/ TXDQWLWLHV LQ WKH EUDLQ
FRXOG SRWHQWLDOO\ JHQHUDWH LPSRUWDQW QHXURVFLHQWLILF NQRZOHGJH DERXW KRZ UHLQIRUFHPHQW OHDGV WR
LQWHOOLJHQW EHKDYLRU LQ KXPDQV
7DNHQ WRJHWKHU WKH DERYH ILQGLQJV FKDOOHQJH WKH WUDGLWLRQDO YLHZ WKDW WKH SUHGRPLQDQW UROH
RI WKH EDVDO JDQJOLD LV WKH VORZ SURFHGXUDO OHDUQLQJ RI PRWRU VNLOOV DQG WKH UHDOWLPH FRQWURO RI
PRWRU VNLOOV 5DWKHU WKH\ UDLVH WKH SRVVLELOLW\ WKDW WKH EDVDO JDQJOLD DUH LQYROYHG LQ WKH UDSLG
UHZDUGUHODWHG OHDUQLQJ RI ERWK PRWRU DQG QRQPRWRU DFWLRQV $OWKRXJK WKLV SURSRVHG YLHZ RI
EDVDO JDQJOLD IXQFWLRQ LV DSSHDOLQJ D VLJQLILFDQW SLHFH RI WKH SX]]OH LV PLVVLQJ EHIRUH WKLV YLHZ FDQ
EH WDNHQ VHULRXVO\ $UH WKH EDVDO JDQJOLD LQ IDFW LQYROYHG LQ RQOLQH 5/ FRPSXWDWLRQV IRU DUELWUDU\
SK\VLFDO DQG FRJQLWLYH DFWLRQV" &DQ LW EH VKRZQ WKDW WKHVH FRPSXWDWLRQV RFFXU LQ UHODWLRQ WR WKH
NQRZQ DQDWRPLFDO SURMHFWLRQV IURP WKH QHRFRUWH[ LQWR WKH EDVDO JDQJOLD" 6SHFLILFDOO\ DUH WKHVH
FRPSXWDWLRQV ORFDOL]HG WR GLVWLQFW SDUWV RI WKH VWULDWXP WKDW UHFHLYH DQDWRPLFDO SURMHFWLRQV IURP WKH
UHJLRQV ZKRVH DFWLRQV WKH\ DUH UHLQIRUFLQJ"
7KH SUHVHQW VWXG\ ZDV UXQ WR DQVZHU WKHVH TXHVWLRQV 7KH UHVXOWV VXJJHVW WKDW D IXQFWLRQ RI
WKH EDVDO JDQJOLD LV WR SHUIRUP 5/ FRPSXWDWLRQV IRU DQ\ SK\VLFDO DQG FRJQLWLYH ³DFWLRQV´ WKDW DUH

UHSUHVHQWHG DV SDWWHUQV RI DFWLYLW\ LQ WKH FHUHEUDO FRUWH[ 7KH VSDWLDO ORFDOL]DWLRQ RI WKH UHVXOWV
VXJJHVW WKDW QHRFRUWLFDO DFWLYLW\ SDWWHUQV DUH FRQWUROOHG DQG VHOHFWHG DFFRUGLQJ WR OHDUQHG UHZDUG
SUHGLFWLRQV E\ UHFXUUHQW ORRSV WKURXJK WKH EDVDO JDQJOLD 7KH UHVXOWV SUHVHQWHG LQ WKLV WKHVLV VXJJHVW
WKDW WKLV UHLQIRUFHPHQW OHDUQLQJ LV RQH VROXWLRQ WR WKH SUREOHP RI OHDUQLQJ WR SHUIRUP DQG FRRUGLQDWH
YHU\ GLYHUVH DFWLRQV LQ RUGHU WR PD[LPL]H WKH WRWDO UHLQIRUFHPHQW UHFHLYHG E\ WKH RUJDQLVP
 +<327+(6(6 $1' 35(',&7,216
2QH RI WKH PDLQ FRQWULEXWLRQV RI WKLV WKHVLV LV WR GHPRQVWUDWH WKDW WKHUH LV D PDSSLQJ EHWZHHQ
QHXURDQDWRPLFDO FLUFXLWV DQG WKH FRPSXWDWLRQV SURSRVHG E\ 5/ PRUH VSHFLILFDOO\ D PDSSLQJ EH
WZHHQ WKH FRUWLFREDVDO JDQJOLD ORRSV DQG WKH FRPSXWDWLRQ DQG VWRUDJH RI UHZDUGSUHGLFWLRQ HUURUV
DVVRFLDWHG ZLWK VSHFLILF DFWLRQV
7KH SURSRVDO LV WKDW PRVW FRPSOH[ EHKDYLRUV FRQVLVW RI RQH RU PRUH DFWLRQV WKDW DUH VHOHFWHG
DQG FRPELQHG LQWR VHTXHQFHV EDVHG RQ WKH FKDQJHV WR UHFXUUHQW ORRSV WKURXJK WKH EDVDO JDQJOLD
ZLWK FRUWLFDO UHJLRQV ZKHUH WKH LQGLYLGXDO DFWLRQV DUH UHSUHVHQWHG DQG FRQWUROOHG /HDUQLQJ WKURXJK
UHLQIRUFHPHQW LQYROYHV WKH VWUHQJWKHQLQJ DQG ZHDNHQLQJ RI FRUWLFRVWULDWDO LQSXWV WR WKHVH ORRSV LQ
SURSRUWLRQ WR D JOREDO UHLQIRUFHPHQW VLJQDO ± WKDW LV UHZDUGSUHGLFWLRQ HUURU ± EURDGFDVW E\ SKDVLF
GRSDPLQH 7KH UHVXOW RI WKLV PRGLILFDWLRQ LQ FRUWLFREDVDO JDQJOLD UHFXUUHQW ORRS VWUHQJWK LV WKDW
QHRFRUWLFDO DFWLRQ SDWWHUQV WKDW DUH DFWLYH SULRU WR UHZDUG ZLOO EH PRUH HDVLO\ DFWLYDWHG LQ WKH IXWXUH
DQG WKRVH DFWLYH SULRU WR SXQLVKPHQW ZLOO EH OHVV HDVLO\ DFWLYDWHG LQ WKH IXWXUH %HFDXVH WKLV W\SH RI
ORRS FLUFXLW H[LVWV ZLWK FRQQHFWLRQV WR PRVW RI QHRFRUWH[ WKLV FRPSXWDWLRQ HQDEOHV WKH LQGHSHQGHQW
UHLQIRUFHPHQW RI DQ\ DFWLRQ WKDW LV UHSUHVHQWHG LQ QHRFRUWH[ DQG WKH FDSDFLW\ WR FRPELQH WKHP LQWR
DUELWUDULO\ FRPSOH[ VHTXHQFHV RI DFWLRQV $ FRPSXWDWLRQDO VLPXODWLRQ EDVHG RQ WKH DQDWRP\ RI
WKH EDVDO JDQJOLD KDV SURYLGHG D FOHDU GHPRQVWUDWLRQ RI WKH XVH RI UHFXUUHQW DFWLYDWLRQ G\QDPLFV
WR VHOHFW VSHFLILF DFWLRQV LQ WKH QRQOHDUQLQJ PRGHO SURSRVHG E\ /HEORLV HW DO  7KHVH
PRGHOHUV GHPRQVWUDWHG KRZ DPRVWO\FORVHG UHFXUUHQW ORRS DUFKLWHFWXUH IURP WKH FRUWH[ WKURXJK WKH
EDVDO JDQJOLD FRXOG HIIHFWLYHO\ FRQWURO DQG DPSOLI\ QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQV HYHQ LI WKRVH
DFWLRQ UHSUHVHQWDWLRQV RYHUODSSHG 7KH DGGLWLRQ RI OHDUQLQJ WR WKDW PRGHO XVLQJ D UHZDUGSUHGLFWLRQ
HUURU VLJQDO FRXOG VHUYH DV D SUHOLPLQDU\ LPSOHPHQWDWLRQ RI WKH IUDPHZRUN EHLQJ SURSRVHG KHUH
7KH RWKHU SDUW RI WKH LPSOHPHQWDWLRQ LV WKH PRGXODWLRQ RI WKH JOREDO UHZDUGSUHGLFWLRQ HU

URU VLJQDO LWVHOI 7KDW LV DOWKRXJK WKH PDLQ K\SRWKHVL]HG UROH RI WKH FRUWLFRVWULDWDO SODVWLFLW\ LV
SURSRVHG WR EH WKH UHFXUUHQW UHDFWLYDWLRQ RI QHRFRUWLFDO SDWWHUQV GHSHQGLQJ RQ ZKLFK RQH OHDGV WR
UHZDUG D IXUWKHU UROH RI WKH FRUWLFRVWULDWDO SODVWLFLW\ FRXOG EH WR SDUWLFLSDWH LQ WKH FRPSXWDWLRQ RI
UHZDUGSUHGLFWLRQ HUURU 6SHFLILFDOO\ RQFH D UHZDUG SUHGLFWLRQ KDV EHHQ VXFFHVVIXOO\ OHDUQHG WKH
GRSDPLQH VLJQDO VKRXOG EH LQKLELWHG $V K\SRWKHVL]HG E\ VHYHUDO RWKHUV WKLV FRXOG EH DFKLHYHG DW
OHDVW LQ SDUW WKURXJK WKH LQKLELWRU\ FRQQHFWLRQV WKDW H[LVW IURP WKH VWULDWXP EDFN WR WKH GRSDPLQH
QHXURQV 'R\D  6FKXOW]  +RZHYHU LW UHPDLQV WR EH VKRZQ ZKHWKHU SRSXODWLRQV RI
VWULDWDO QHXURQV DUH DFWLYDWHG E\ WKH QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQ LQ SURSRUWLRQ WR DFWXDO UH
ZDUG SUHGLFWHG IRU WKRVH DFWLRQV ZKLFK ZRXOG WKHUHE\ DOORZ WKHP WR FDQFHO RXW WKH DFWLYLW\ RI WKH
GRSDPLQH QHXURQV
7KLV IUDPHZRUN OHDGV WR D QXPEHU RI VSHFLILF SUHGLFWLRQV 7KRVH WKDW DUH H[SOLFLWO\ WHVWHG E\
WKH SUHVHQW H[SHULPHQW DUH OLVWHG KHUH DQG DGGLWLRQDO XQWHVWHG SUHGLFWLRQV RI WKH IUDPHZRUN DUH
GLVFXVVHG LQ WKH *HQHUDO 'LVFXVVLRQ 7KH SUHGLFWLRQV DUH  %HFDXVH GRSDPLQH LV D JOREDOO\
EURDGFDVW VLJQDO GLIIHUHQW SK\VLFDO DFWLRQV VXFK DV KDQG PRYHPHQWV DQG VDFFDGLF H\H PRYHPHQWV
VKRXOG EH LQIOXHQFHG E\ UHZDUG LQ WKH VDPH ZD\ DQG WR WKH VDPH H[WHQW LH VLPLODU DV\PSWRWLF
SHUIRUPDQFH OHYHOV DQG OHDUQLQJ UDWHV 7KLV ZLOO EH SDUWLFXODUO\ WUXH LI WKH DFWLRQV WKHPVHOYHV DUH
VXIILFLHQWO\ IDPLOLDU RU ZHOO HVWDEOLVKHG LQ WKHLU QHRFRUWLFDO UHSUHVHQWDWLRQV DQG GR QRW UHTXLUH ILQHU
QHRFRUWLFDO UHRUJDQL]DWLRQ ,Q DGGLWLRQ 5/ DJHQWV WUDLQHG RQ WKH VDPH VHTXHQFH RI VWLPXOXV DFWLRQ
DQG RXWFRPH VKRXOG HTXDOO\ ZHOO ILW SDUWLFLSDQW EHKDYLRU UHJDUGOHVV RI WKH W\SH RI DFWLRQ EHLQJ
UHLQIRUFHG  %HFDXVH WKH EDVDO JDQJOLD DUH FRQQHFWHG ZLWK PRWRU DV ZHOO DV FRJQLWLYH DUHDV
FRJQLWLYH ³DFWLRQV´ ZLWK QR PRWRULF FRPSRQHQW VXFK DV FRYHUW VKLIWV RI DWWHQWLRQ VKRXOG DOVR EH
UHZDUGHG LQ WKH VDPH ZD\ DV RYHUW SK\VLFDO DFWLRQV  &RUUHODWHV RI WKH FRPSXWDWLRQV SHUIRUPHG
LQ WKH FRUWLFREDVDO JDQJOLD ORRSV VKRXOG EH WKH VDPH IRU WKH GLIIHUHQW DFWLRQV PDNLQJ XS D EHKDYLRU
LH ZKDWHYHU FRUUHODWHV DUH IRXQG VKRXOG EH IRXQG IRU DOO DFWLRQV EHFDXVH RI VLPLODU KLVWRULHV RI
DFWLRQ DQG UHZDUG  &RUUHODWHV RI WKH FRPSXWDWLRQV LQ WKH FRUWLFREDVDO JDQJOLD ORRSV VKRXOG
EH EDVHG RQ WKH GLIIHUHQFH EHWZHHQ OHDUQHG UHZDUG DQG WKH UHZDUG UHFHLYHG RQ HDFK WULDO ± LH
WKH UHZDUGSUHGLFWLRQ HUURU WKDW LV XWLOL]HG E\ PRVW 5/ DOJRULWKPV  7KH UHZDUGSUHGLFWLRQ HUURU
FRPSXWDWLRQV VKRXOG EH ORFDOL]HG WR WKH LQWHUVHFWLRQ RI GRSDPLQH WHUPLQDOV DQG WKH WHUPLQDOV RI
FRUWLFDO DIIHUHQWV UHSUHVHQWLQJ WKH DFWLRQV LQYROYHG LQ WKH EHKDYLRU LH UHJLRQV LQ WKH VWULDWXP
WDUJHWHG E\ FRUWLFDO UHJLRQV FRQWUROOLQJ WKRVH DFWLRQV

7KH ILUVW WZR SUHGLFWLRQV DUH HYDOXDWHG E\ WKH EHKDYLRUDO H[SHULPHQWV SUHVHQWHG EHORZ E\ WHVW
LQJ WKH K\SRWKHVLV WKDW OHDUQLQJ UDWHV DQG DV\PSWRWLF SHUIRUPDQFH DUH LGHQWLFDO ZKHQ GLIIHUHQW W\SHV
RI SK\VLFDO DQG FRJQLWLYH DFWLRQ DUH UHLQIRUFHG LH KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRQ
YHUW VKLIWV RI DWWHQWLRQ 7KH UHVXOWV VXJJHVW WZR PDLQ FRQFOXVLRQV )LUVW DOWKRXJK WKHVH EHKDYLRUV
DUH FRQWUROOHG E\ GLIIHUHQW QHRFRUWLFDO UHJLRQV WKH\ FDQ EH OHDUQHG HTXDOO\ ZHOO ZLWKLQ LQ VLQJOH
H[SHULPHQWDO VHVVLRQ 6HFRQG ERWK SK\VLFDO DFWLRQV DQG FRJQLWLYH ³DFWLRQV´ DSSHDU WR EH OHDUQHG
WKURXJK D FRPPRQ XQGHUO\LQJ OHDUQLQJ PHFKDQLVP ,Q RUGHU WR GHWHUPLQH WKLV OHDUQLQJ PHFKD
QLVP D ILQHU WHVW RI WKHVH SUHGLFWLRQV LV WKHQ FDUULHG RXW E\ H[DPLQLQJ ZKHWKHU WKH EHKDYLRU RI
VLPXODWHG 5/ DJHQWV ILWV WKH KXPDQ EHKDYLRU HTXDOO\ ZHOO ZKHQ GLIIHUHQW DFWLRQV DUH UHLQIRUFHG
7KH UHVXOWV RI WKLV DQDO\VLV VXJJHVW WKDW 5/ PD\ EH WKH FRPPRQ OHDUQLQJ PHFKDQLVP WKDW XQGHUOLHV
WKH UHLQIRUFHPHQW RI GLVWLQFW W\SHV RI DFWLRQ
7KH ILQDO SUHGLFWLRQV DUH HYDOXDWHG E\ WKH I05, H[SHULPHQW E\ WHVWLQJ WKH K\SRWKHVLV WKDW
PHWDEROLF DFWLYLW\ FRUUHODWLQJ WR UHZDUGSUHGLFWLRQ HUURU ZLOO EH ORFDOL]HG WR GLVWLQFW FRUWLFRVWULDWDO
ORFDWLRQV ZKHUH WKH DIIHUHQW LQIRUPDWLRQ UHSUHVHQWV WKH DFWLRQV WKDW DUH WR EH UHLQIRUFHG 1RWH WKDW
WKLV K\SRWKHVLV GLIIHUV LQ WKUHH LPSRUWDQW ZD\V IURP SULRU UHVHDUFK RQ UHZDUG DQG WKH EDVDO JDQ
JOLD )LUVW SULRU UHZDUG UHVHDUFK KDV ODUJHO\ IRFXVHG RQ WKH LQYROYHPHQW RI WKH YHQWUDO VWULDWXP
LH QXFOHXV DFFXPEHQV DQG WKH RUELWDOIURQWDO FRUWH[ DV WKH ORFL RI UHZDUGUHODWHG OHDUQLQJ 5RE
ELQV DQG (YHULWW  5ROOV  6WHUQ DQG 3DVVLQJKDP  $ YLHZ EDVHG RQ WKLV SULRU
UHVHDUFK SUHGLFWV WKDW WKH YHQWUDO VWULDWXP ZRXOG EH DFWLYH GXULQJ WKH UHLQIRUFHPHQW RI DOO WKUHH
W\SHV RI DFWLRQ $OWKRXJK LQWHUHVWLQJ FDUU\LQJ RXW D VWXG\ WR LQYHVWLJDWH WKLV K\SRWKHVLV ZRXOG
QRW KHOS H[SODLQ KRZ GLIIHUHQW DFWLRQV DUH UHLQIRUFHG $ PRUH WKHRUHWLFDOO\ YDOXDEOH K\SRWKHVLV
WR LQYHVWLJDWH LV ZKHWKHU VWULDWDO DFWLYLW\ GLIIHUHQWLDOO\ UHIOHFWV WKH UHLQIRUFHPHQW RI VSHFLILF W\SHV
RI DFWLRQV 7KXV ZH SUHGLFWHG WKDW SDUWLFXODU UHJLRQV RI WKH VWULDWXP ZRXOG EH LQYROYHG LQ WKH
UHLQIRUFHPHQW RI DFWLRQV DQG WKDW WKRVH SDUWLFXODU UHJLRQV VKRXOG EH WKRVH UHFHLYLQJ LQIRUPDWLRQ
IURP QHRFRUWLFDO UHJLRQV FRQWUROOLQJ WKRVH W\SHV RI DFWLRQV 6HFRQG D VXEVWDQWLDO DPRXQW RI SULRU
UHVHDUFK KDV H[DPLQHG WKH LQYROYHPHQW RI WKH VWULDWXP LQ RXWFRPH UDWKHU WKDQ LQ OHDUQHG UHZDUG
SUHGLFWLRQV 'HOJDGR HW DO   +RZHYHU LQ WKRVH WDVNV WKH SDUDGLJPV ZHUH VHW XS VR WKDW
RXWFRPH ZDV UDQGRPL]HG UDWKHU WKDQ DFFRUGLQJ WR D IL[HG UHZDUG FRQWLQJHQF\ %HFDXVH RI WKLV LW
FRXOG EH DUJXHG WKDW LQ WKRVH WDVNV UHZDUGSUHGLFWLRQ HUURU ZDV DOZD\V HTXDO WR VRPH SURSRUWLRQ
RI WKH RXWFRPH EHFDXVH QR DFFXUDWH SUHGLFWLRQV DERXW WKH UHZDUG FRXOG EH OHDUQHG 7KXV LQ VXFK

SDUDGLJPV UHZDUGSUHGLFWLRQ HUURUV ZRXOG OLNHO\ RQO\ FRUUHODWH ZHDNO\ ZLWK VWULDWDO DFWLYLW\ ,Q
FRQWUDVW LQ WKH FXUUHQW WDVN WKH PDSSLQJ EHWZHHQ VWLPXOXV DFWLRQ DQG RXWFRPH UHPDLQHG FRQVWDQW
IRU VXEVWDQWLDO SRUWLRQV RI WKH H[SHULPHQW DOORZLQJ SDUWLFLSDQWV WR HIIHFWLYHO\ DQG FRUUHFWO\ OHDUQ
WR SUHGLFW UHZDUGV 7KXV ZH SUHGLFWHG WKDW WKH VLJQDOV LQ WKH VWULDWXP ZRXOG UHIOHFW WKH GLIIHUHQFH
EHWZHHQ WKH OHDUQHG UHZDUG DQG WKH DFWXDO UHZDUG UHFHLYHG E\ WKH SDUWLFLSDQW RQ HDFK WULDO 7KLUG
SULRU UHVHDUFK KDV HPSKDVL]HG WKDW WKH GRSDPLQH QHXURQV SURMHFW ZLGHO\ WR DOO SDUWV RI WKH VWULDWXP
DQG WKDW WKHVH QHXURQV DOO ILUH LQ WKH VDPH ZD\ 7KLV IDFW DORQJ ZLWK WKH ILQGLQJV WKDW WKH KHPR
G\QDPLF UHVSRQVH LV SULPDULO\ GULYHQ E\ SRVWV\QDSWLF QHXURWUDQVPLVVLRQ $WWZHOO DQG ,DGHFROD
 VXJJHVWV WKDW WKH HQWLUH VWULDWXP RU SDUWV RI WKH VWULDWXP LQ VRPH QRQVHOHFWLYH SDWWHUQ UDWKHU
WKDQ DFWLRQVSHFLILF UHJLRQV DUH OLNHO\ WR DSSHDU LQ VWXGLHV RI VWULDWDO %2/' UHVSRQVHV ,Q DGGL
WLRQ WKH IDFW WKDW GRSDPLQH DFWV GLUHFWO\ RQ WKH YDVFXODWXUH .ULPHU HW DO  VXJJHVWV WKDW
DFWLRQVSHFLILF SURFHVVLQJ GXH WR WKH MRLQW DFWLYLW\ RI FRUWLFRVWULDWDO WHUPLQDOV DQG GRSDPLQHUJLF
LQQHUYDWLRQ PD\ QRW EH VXIILFLHQWO\ GLVWLQFW WR EH GHWHFWHG E\ D VWXG\ UHOLDQW RQ WKH %2/' UHVSRQVH
'HVSLWH WKHVH LVVXHV D UHFHQW UHYLHZ FRQFOXGHV WKDW WKH %2/' UHVSRQVH LQ WKH YHQWUDO VWULDWXP LV
DWWULEXWDEOH WR GRSDPLQH DQG LQ SDUWLFXODU WR WKH DFWLYDWLRQ RI ' UHFHSWRUV WKHUH .QXWVRQ DQG
*LEEV  7KLV VXJJHVWV WKDW D VWXG\ WKDW DLPV WR WHVW IRU %2/' HYLGHQFH IRU WKH FRPSXWDWLRQ
RI UHZDUGSUHGLFWLRQ HUURU LQ GLVWLQFW VXEUHJLRQV RI WKH VWULDWXP FRXOG LQ SULQFLSOH EH FDUULHG RXW
7KH SUHGLFWLRQ WKDW WKH UHLQIRUFHPHQW RI VSHFLILF DFWLRQV ZLOO JLYH ULVH WR GLIIHUHQWLDOO\ORFDOL]HG
VWULDWDO I05, VLJQDOV EDVHG RQ ORFDO FRPSXWDWLRQ KDV UHPDLQHG ODUJHO\ XQH[SORUHG +RZHYHU WZR
UHFHQW QHXURLPDJLQJ VWXGLHV KDYH H[DPLQHG GLIIHUHQWLDO DFWLYDWLRQ RI VWULDWDO VXEUHJLRQV UHODWHG
WR GRSDPLQH UHOHDVH 7KH ILUVW VWXG\ ZDV EDVHG RQ LQGLYLGXDO GLIIHUHQFHV DWWULEXWHG WR GRSDPLQH
UHFHSWRU GLVWULEXWLRQV LQ WKH VWULDWXP HJ &ODWZRUWK\ HW DO  7KH VHFRQG VWXG\ ZDV EDVHG RQ
VXEUHJLRQVSHFLILF ORVV RI GRSDPLQHUJLF WHUPLQDOV LQ HOGHUO\ SRSXODWLRQV /DQGDX HW DO  ,Q
FRQWUDVW WR WKHVH VWXGLHV WKH PDLQ SUHGLFWLRQ LQ WKLV VWXG\ LV WKDW DFWLRQ VSHFLILF UHZDUGSUHGLFWLRQ
HUURUV ZLOO EH FRPSXWHG LQ GLVWLQFW VWULDWDO VXEUHJLRQV ZKHQ GLIIHUHQW DFWLRQV HLWKHU SK\VLFDO RU
FRJQLWLYH DUH EHLQJ UHLQIRUFHG ± IRU QRUPDO SDUWLFLSDQWV
)LQDOO\ SULRU FRPSXWDWLRQDO VLPXODWLRQV DUH UHYLHZHG 7KHVH VLPXODWLRQV LQGLFDWH KRZ FRRUGL
QDWHG LQWHOOLJHQW EHKDYLRU FDQ HPHUJH LQ D 5/ DJHQW ZKHQ VHSDUDWH ORFDOO\FRQWUROOHG DFWLRQV DUH
UHLQIRUFHG 7KLV RFFXUV HYHQ ZKHQ WKH DJHQW LV VR VLPSOH WKDW GLUHFW FRRUGLQDWLRQ EHWZHHQ DFWLRQV

DV PLJKW EH PHGLDWHG E\ FRUWLFRFRUWLFDO FRQQHFWLRQV LV QRW DOORZHG 7RJHWKHU WKHVH UHVXOWV DOO
SRLQW WR WKH LGHD WKDW DUELWUDU\ ORFDO SDWWHUQV RI FRUWLFDO DFWLYLW\ FDQ EH UHLQIRUFHG E\ JOREDO UHZDUG
DQG WKHUHIRUH UHFXUUHQWO\ H[FLWHG YLD ORRSV ZLWK WKH EDVDO JDQJOLD
 0(7+2'6
*HQHUDO SURFHGXUH 7KH H[SHULPHQWDO SURFHGXUHV ZHUH DSSURYHG E\ WKH 8QLYHUVLW\ RI 3LWWVEXUJK¶V
,QWHUQDO 5HYLHZ %RDUG $OO RI WKH EHKDYLRUDO DQG I05, H[SHULPHQWV IROORZHG WKH VDPH JHQHUDO
GHVLJQ VLPLODU WR H[SHULPHQWV FDUULHG RXW E\ 3RVQHU  EXW UHTXLULQJ WKUHH GLIIHUHQW W\SHV RI
UHVSRQVHV HJ KDQG PRYHPHQWV H\H PRYHPHQWV RU FRYHUW VKLIWV RI YLVXDO DWWHQWLRQ $W WKH
EHJLQQLQJ RI HDFK UXQ RI WULDOV UHTXLULQJ D SDUWLFXODU UHVSRQVH W\SH SDUWLFLSDQWV ZHUH LQVWUXFWHG
DV WR WKH W\SH RI DFWLRQ WR SHUIRUP LQ PDNLQJ WKHLU UHVSRQVHV 7KH W\SH RI DFWLRQ FRXOG EH D KDQG
PRYHPHQW DQ H\H PRYHPHQW RU D FRYHUW VKLIW RI YLVXDO DWWHQWLRQ 7KH VHTXHQFHV RI HYHQWV RQ HDFK
RI WKH WKUHH W\SHV RI WULDOV DUH YLVXDOO\ GHSLFWHG LQ )LJXUH  SDJH  7R PDNH WKH SURFHGXUH
FRQFUHWH D WULDO LQYROYLQJ H\H PRYHPHQWV ZLOO EH GHVFULEHG 'XULQJ HDFK WULDO SDUWLFLSDQWV EHJDQ
E\ IL[DWLQJ WKH FHQWHU RI WKH VFUHHQ $ FRORU FXH VWLPXOXV WKHQ DSSHDUHG WKDW FRQVLVWHG RI ILYH
LGHQWLFDOO\ FRORUHG ER[HV UHG JUHHQ EOXH RU SXUSOH ZLWK RQH IL[DWLRQ ER[ LQ WKH FHQWHU RI
WKH VFUHHQ DQG WKH IRXU UHPDLQLQJ WDUJHW ER[HV DUUDQJHG LQ WKH FDUGLQDO SRVLWLRQV RQ WKH VFUHHQ
3DUWLFLSDQWV ZHUH LQVWUXFWHG WR TXLFNO\ PRYH WKHLU H\HV IURP WKH IL[DWLRQ ER[ WR RQH RI WKH IRXU
SHULSKHUDO WDUJHW ER[HV DV VRRQ DV WKH VWLPXOXV DSSHDUHG 7KH VWLPXOXV ZDV GLVSOD\HG IRU  VHFRQG
IRXU GLIIHUHQW UDQGRP SUREH OHWWHUV HJ $ , 2 RU 8 WKHQ IODVKHG IRU  PV LQ HDFK RI WKH IRXU
WDUJHW ER[HV VHH )LJ  &RQWLQJHQW XSRQ WKH H\H PRYHPHQW WKDW ZDV SHUIRUPHG SDUWLFLSDQWV VDZ
RQH RI WKH SUREH OHWWHUV 3DUWLFLSDQWV ZHUH LQVWUXFWHG WR UHSRUW WKH LGHQWLW\ RI WKH OHWWHU WKDW WKH\
VDZ LQ WKH WDUJHW ORFDWLRQ 3DUWLFLSDQWV ZHUH WKHQ SURYLGHG ZLWK UHLQIRUFHPHQW IHHGEDFN GHSHQGLQJ
RQ ZKHWKHU WKH SUREH OHWWHU WKH\ UHSRUWHG FRUUHVSRQGHG WR WKH SUREH OHWWHU GLVSOD\HG LQ WKH ER[
LQ WKH UHZDUGHG ORFDWLRQ ,I WKH\ KDG PRYHG WKHLU H\HV LQ WKH FRUUHFW UHZDUGHG ORFDWLRQ WKHQ
³&255(&7 ´ ZDV GLVSOD\HG DQG SDUWLFLSDQWV UHFHLYHG  KRZHYHU LI WKH\ KDG PRYHG
WKHLU H\HV LQ RQH RI WKH WKUHH LQFRUUHFW XQUHZDUGHG ORFDWLRQV WKHQ ³,1&255(&7 ´ ZDV
GLVSOD\HG DQG SDUWLFLSDQWV ORVW  7KH VHOHFWLRQ RI UHZDUGHG DQG XQUHZDUGHG GLUHFWLRQV LV

























)LJXUH  *UDSKLFDO 5HSUHVHQWDWLRQ RI WKH 0XOWLPRGDO 5HLQIRUFHPHQW /HDUQLQJ ([SHUL
PHQW 7KLV ILJXUH LOOXVWUDWHV H[SHULPHQW SURFHGXUH XVHG LQ HDFK WULDO RI WKH EHKDYLRUDO DQG I05,
H[SHULPHQWV 7LPH SURFHHGV IURP WKH OHIW WR WKH ULJKW RI WKH ILJXUH 'HWDLOV RI WKH GLVSOD\ SDUDP
HWHUV DQG WLPLQJ DUH LQFOXGHG LQ WKH WH[W 1RWH WKDW DFWLRQ W\SH ZDV EORFNHG VR WKDW GXULQJ HDFK
H[SHULPHQWDO UXQ SDUWLFLSDQWV SHUIRUPHG RQO\ D VLQJOH W\SH RI DFWLRQ HJ D VHULHV RI H\H PRYH
PHQWV LQ RQH RI IRXU GLUHFWLRQV GHSHQGLQJ RQ WKH VWLPXOXV FRORU HJ UHG >VKRZQ KHUH@ JUHHQ
EOXH SXUSOH 7KHUH ZHUH EUHDNV EHWZHHQ UXQV RI HDFK W\SH RI DFWLRQ %HKDYLRUDO ([SHULPHQW 
XVHG H\H PRYHPHQWV GXULQJ RQH UXQ DQG FRYHUW DWWHQWLRQ VKLIWV GXULQJ WKH RWKHU UXQ %HKDYLRUDO
([SHULPHQW  XVHG H\H PRYHPHQWV GXULQJ RQH UXQ DQG KDQG PRYHPHQWV GXULQJ WKH RWKHU UXQ 7KH
I05, H[SHULPHQW XVHG DOO WKUHH W\SHV RI DFWLRQ
5HZDUG VFKHGXOH 5HZDUG ZDV GHOLYHUHG FRQWLQJHQW XSRQ WKH SDUWLFLSDQW PDNLQJ WKH DSSUR
SULDWH DFWLRQ LH PRYLQJ WKH KDQG H\HV RU FRYHUW DWWHQWLRQ WR WKH FRUUHFW ORFDWLRQ LQ UHVSRQVH WR
HDFK RI WKH FXH VWLPXOXV FRORUV 7KH PDSSLQJ EHWZHHQ FRORUV DQG UHZDUGHG DFWLRQV ZHUH UDQGRPO\
GHWHUPLQHG DW WKH EHJLQQLQJ RI WKH H[SHULPHQW DQG PDLQWDLQHG XQWLO WKH\ ZHUH UDQGRPO\ FKDQJHG

DIWHU D IL[HG QXPEHU RI WULDOV LH KDOIZD\ WKURXJK WKH UXQ XVLQJ D JLYHQ WDVN $OWKRXJK RQH PLJKW
EH FRQFHUQHG WKLV UHYHUVDO PLJKW HQJDJH UHYHUVDOOHDUQLQJ SURFHVVHV SULRU UHVHDUFK KDV VKRZQ WKDW
HYHQ UHYHUVDO OHDUQLQJ HQJDJHV WKH GRSDPLQH V\VWHP &RROV HW DO  ,Q DGGLWLRQ WKHUH ZHUH
WZR NLQGV RI WULDOV 1250$/ YHUVXV ,19(57(' 2Q 1250$/ WULDOV LH  RI WULDOV SDU
WLFLSDQWV ZHUH UHZDUGHG IRU PRYLQJ WR WKH UHZDUG ORFDWLRQ DV DOUHDG\ GHVFULEHG 2Q WKRVH WULDOV
PRYHPHQW WR DQ\ RI WKH RWKHU WKUHH ORFDWLRQV UHVXOWHG LQ ³SXQLVKPHQW´ LH  +RZHYHU RQ
WKH UHPDLQLQJ ,19(57(' WULDOV LH  RI WULDOV WKH FRQWLQJHQF\ EHWZHHQ FRORU DQG UHZDUG
ORFDWLRQ ZDV LQYHUWHG VR WKDW WKH UHZDUGHG ORFDWLRQ ZDV DFWXDOO\ SXQLVKHG LI VHOHFWHG DQG DQ\ RI
WKH WKUHH UHPDLQLQJ ORFDWLRQV ZHUH UHZDUGHG LI VHOHFWHG
 (;3(5,0(17 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([SHULPHQW  FRPSDUHG WKH UHLQIRUFHPHQW OHDUQLQJ RI VDFFDGLF H\H PRYHPHQWV DQG FRYHUW VKLIWV
RI YLVXDO DWWHQWLRQ
3DUWLFLSDQWV  SDUWLFLSDQWV ZHUH UHFUXLWHG IRU WKH VWXG\ WKURXJK DGYHUWLVHPHQWV SODFHG RQ WKH
8QLYHUVLW\ RI 3LWWVEXUJK FDPSXV 3DUWLFLSDQWV KDG QRUPDO RU FRUUHFWHGWRQRUPDO YLVLRQ XVLQJ FRQ
WDFW OHQVHV 3DUWLFLSDQWV ZHUH SDLG D EDVH UDWH RI  SHU KRXU DQG ZHUH SDLG H[WUD PRQH\ DFFRUGLQJ
WR WKH QXPEHU RI FRUUHFW UHVSRQVHV PDGH GXULQJ WKH H[SHULPHQW 1R SDUWLFLSDQWV ZHUH HOLPLQDWHG
EHFDXVH RI WKHLU LQDELOLW\ WR SHUIRUP WKH DFWLRQV UHTXLUHG E\ WKH H[SHULPHQW
$SSDUDWXV $ GHVN WRZHUPRXQWHG 65 5HVHDUFK (\H/LQN  H\H WUDFNHU ZDV XVHG LQ WKH
VWXG\ 3DUWLFLSDQWV ZHUH VHDWHG LQ IURQW RI D LQFK FRPSXWHU PRQLWRU ZLWK WKHLU FKLQ RQ WKH H\H
WUDFNHU V FKLQUHVW VR WKH\ ZHUH DSSUR[LPDWHO\  LQFKHV DZD\ IURP WKH VFUHHQ 7KH H\H WUDFNHU
ZDV FDOLEUDWHG WR UHFRUG WKH SRVLWLRQ RI WKH SDUWLFLSDQWV¶ H\H PRYHPHQWV WR ZLWKLQ  GHJUHHV RI
YLVXDO DQJOH *D]H ORFDWLRQ ZDV VDPSOHG HYHU\ PLOOLVHFRQG 9LHZLQJ ZDV ELQRFXODU EXW RQO\ WKH
ULJKW H\H ZDV WUDFNHG 3DUWLFLSDQWV XVHG WKH DUURZ NH\V RQ D NH\ERDUG WR HQWHU WKHLU UHVSRQVHV WR D
SUREH VFUHHQ DW WKH HQG RI HDFK WULDO 7KH EHKDYLRUDO H[SHULPHQW ZDV LPSOHPHQWHG LQ 65 5HVHDUFK¶V
JUDSKLFDO ([SHULPHQW %XLOGHU YHUVLRQ 
'HVLJQ 3DUWLFLSDQWV ZHUH LQVWUXFWHG WR OHDUQ ZKLFK RI IRXU DFWLRQV WR SHUIRUP LQ UHVSRQVH WR
HDFK RI WKH IRXU FRORU FXH VWLPXOL WR PD[LPL]H WKHLU REWDLQHG UHZDUG 7KH H[SHULPHQW FRQVLVWHG RI

 WULDOV  WULDOV IRU H\H PRYHPHQWV DQG  WULDOV IRU FRYHUW DWWHQWLRQ VKLIWV 7KH H[SHULPHQW
ODVWHG  KRXUV $ PHVVDJH DSSHDUHG RQ WKH VFUHHQ EHWZHHQ UXQV WR LQIRUP SDUWLFLSDQWV WKDW WKH\
FRXOG WDNH D VKRUW UHVW EUHDN
$W WKH EHJLQQLQJ RI HDFK UXQ SDUWLFLSDQWV ZHUH LQVWUXFWHG DERXW ZKLFK WDVN WR SHUIRUP DQG WKHQ
JLYHQ D VPDOO QXPEHU  RI SUDFWLFH WULDOV 7KHVH SUDFWLFH WULDOV HQVXUHG WKDW SDUWLFLSDQWV ZHUH
DEOH WR VHH WKH SUREH OHWWHUV DQG SHUIRUP WKH DFWLRQV LH HLWKHU VDFFDGHV RU FRYHUW DWWHQWLRQ VKLIWV
ZLWKRXW PRYLQJ WKHLU H\HV IURP WKH FHQWUDO IL[DWLRQ ORFDWLRQ DGHTXDWHO\ $IWHU WKH SUDFWLFH SHULRG
SDUWLFLSDQWV ZHUH HQFRXUDJHG WR LQGLFDWH ZKHWKHU WKH\ XQGHUVWRRG WKH WDVN 3DUWLFLSDQWV ZHUH WKHQ
WROG WKDW WKH DFWXDO WDVN ZDV JRLQJ WR EHJLQ WKDW WKHUH ZRXOG QRW EH DQ\ H[SOLFLW DUURZV LQGLFDWLQJ
WKH GLUHFWLRQV RI WKH FRUUHFW DFWLRQ V GLUHFWLRQ DQG WKDW WKH\ ZRXOG KDYH WR OHDUQ WKH PDSSLQJV
EHWZHHQ FRORUV DQG DFWLRQV 7KH SDUWLFLSDQWV ZHUH DOVR UHPLQGHG WKDW RQH RU PRUH FRORUV FRXOG
PDS WR WKH VDPH DFWLRQ VR WKDW WKH\ FRXOG QRW XVH WKH SURFHVV RI HOLPLQDWLRQ WR OHDUQ WKH PDSSLQJV
)LQDOO\ SDUWLFLSDQWV ZHUH WROG WKDW WKH FRUUHFW DFWLRQ IRU HDFK FRORU FRXOG FKDQJH DW DQ\ WLPH GXULQJ
WKH H[SHULPHQW EXW WKDW WKH\ VKRXOG GR WKHLU EHVW WR HDUQ DV PXFK PRQH\ DV SRVVLEOH
$V VKRZQ LQ WKH ILUVW WZR URZV RI )LJXUH  SDJH  SDUWLFLSDQWV TXLFNO\ PDGH DQ DFWLRQ
LH H\H PRYHPHQW RU DWWHQWLRQ VKLIW IURP WKH FHQWUDO ER[ WR RQH RI WKH IRXU SHULSKHUDO ER[HV
$IWHU WKH VWLPXOXV KDG EHHQ GLVSOD\HG IRU  VHFRQG D VLQJOH UDQGRPO\ VHOHFWHG SUREH OHWWHU IURP
WKH VHW % ' 2 DQG 3 VDPSOHG ZLWKRXW UHSODFHPHQW DW SRLQW IRQW VL]H ZDV EULHIO\ GLVSOD\HG LQ
HDFK SHULSKHUDO ER[ IRU  PLOOLVHFRQGV 7KH OHWWHUV WKDW ZHUH GLVSOD\HG LQ HDFK SHULSKHUDO ER[
ZHUH UDQGRPL]HG IURP WULDO WR WULDO 7R RIIVHW YLVXDO DFXLW\ OLPLWDWLRQV GXULQJ WKH FRYHUW DWWHQWLRQ
VKLIW FRQGLWLRQ EHFDXVH H\H PRYHPHQWV ZHUH QRW SHUPLWWHG GXULQJ WKH FRYHUW DWWHQWLRQ WDVN WKH
SUREH OHWWHUV ZHUH GLVSOD\HG LQ D ODUJHU SRLQW IRQW $IWHU D VHFRQG GHOD\ D SUREH WHVW VFUHHQ
WKHQ DSSHDUHG DVNLQJ SDUWLFLSDQWV ZKLFK OHWWHU WKH\ KDG VHHQ DW WKH ORFDWLRQ ZKHUH WKH\ KDG PRYHG
WKHLU H\HV RU DWWHQWLRQ 3DUWLFLSDQWV LQGLFDWHG WKH OHWWHU E\ SUHVVLQJ WKH DUURZ NH\ RQ WKH NH\ERDUG
FRUUHVSRQGLQJ WR WKH SRVLWLRQ RI WKDW OHWWHU RQ WKH SUREH WHVW VFUHHQ ,I WKH FRUUHFW OHWWHU ZDV UHSRUWHG
ZKLFK EDUULQJ FRUUHFW JXHVVHV ZRXOG RQO\ RFFXU IROORZLQJ PRYHPHQWV WR WKH FRUUHFW ORFDWLRQ
SDUWLFLSDQWV ZHUH VKRZQ D IHHGEDFN VFUHHQ LQGLFDWLQJ D  UHZDUG ,I SDUWLFLSDQWV UHSRUWHG
DQ LQFRUUHFW OHWWHU WKH\ UHFHLYHG D  SXQLVKPHQW 7KLV IHHGEDFN ZDV GLVSOD\HG IRU  VHFRQG
DQG ZDV IROORZHG LPPHGLDWHO\ E\ WKH QH[W WULDO 'XULQJ WKH FRYHUW DWWHQWLRQ VKLIW WULDOV D WULDO ZDV

WHUPLQDWHG ZLWK QHLWKHU UHZDUG QRU SXQLVKPHQW LI SDUWLFLSDQWV PRYHG WKHLU H\HV IURP WKH FHQWHU RI
WKH VFUHHQ $ UHJLRQ ZLWK D UDGLXV RI DSSUR[LPDWHO\  LQFKHV KDG WR EH IL[DWHG GXULQJ WKH HQWLUHW\ RI
WKH WULDO IRU WKH WULDO WR EH FRQVLGHUHG YDOLG 7KH WH[W ³'R QRW PRYH \RXU H\HV´ ZDV WKHQ GLVSOD\HG
GXULQJ WKH WLPHRXW ODVWLQJ  VHFRQGV XQWLO WKH QH[W WULDO EHJDQ
 (;3(5,0(17  (<( 029(0(176 96 +$1' 029(0(176
%HKDYLRUDO ([SHULPHQW  ZDV LGHQWLFDO WR %HKDYLRUDO ([SHULPHQW  H[FHSW WKDW LW FRPSDUHG WKH
UHLQIRUFHPHQW OHDUQLQJ RI VDFFDGLF H\H PRYHPHQWV DQG KDQG PRYHPHQWV XVLQJ D MR\VWLFN
3DUWLFLSDQWV  SDUWLFLSDQWV IURP WKH VDPH SRSXODWLRQ XVLQJ LQ ([SHULPHQW  ZHUH UHFUXLWHG
3DUWLFLSDQWV ZHUH SDLG H[DFWO\ DV LQ ([SHULPHQW  1RQH RI WKH SDUWLFLSDQWV ZHUH HOLPLQDWHG EHFDXVH
RI WKHLU LQDELOLW\ WR SHUIRUP WKH H[SHULPHQW
$SSDUDWXV 7KH VDPH H\H WUDFNHU XVHG LQ ([SHULPHQW  ZDV XVHG LQ ([SHULPHQW  7R HQVXUH
FRQVLVWHQW HIIHFWRU XVDJH GXULQJ WKH OHDUQLQJ RI KDQG PRYHPHQWV D YLGHR JDPH MR\VWLFN ZLWK D
UXEEHUL]HG EDVH /RJLWHFK $WWDFN  -R\VWLFN ZDV XVHG UDWKHU WKDQ DUURZ NH\V RQ D NH\ERDUG 7KH
MR\VWLFN ZDV SODFHG RQ WKH WDEOH LQ IURQW RI WKH SDUWLFLSDQWV VR WKDW LW FRXOG EH HDVLO\ UHDFKHG
'HVLJQ %HKDYLRUDO ([SHULPHQW  ZDV LGHQWLFDO WR ([SHULPHQW  H[FHSW IRU WZR FKDQJHV WKDW
ZHUH PDGH WR DFFRPPRGDWH WKH KDQGPRYHPHQW FRQGLWLRQ )LUVW ZKHQ WKH SDUWLFLSDQW PRYHG WKH
MR\VWLFN WKH VFUHHQ VFUROOHG VR WKDW WKH SHULSKHUDO ER[ WKDW ZDV ORFDWHG LQ WKH GLUHFWLRQ RI MR\VWLFN
PRYHPHQW VFUROOHG WR WKH FHQWHU RI WKH VFUHHQ &RQVHTXHQWO\ WKH SUREH OHWWHU WKDW EULHIO\ IODVKHG
LQ WKLV ER[ ZDV PRYHG WR WKH ORFDWLRQ RI IL[DWLRQ $V LQ WKH FRYHUW DWWHQWLRQ VKLIW FRQGLWLRQ LQ
([SHULPHQW  H\H PRYHPHQWV DZD\ IURP WKH FHQWUDO IL[DWLRQ UHJLRQ UHVXOWHG LQ D WLPHRXW GXULQJ
ZKLFK WKH WH[W ³'R QRW PRYH \RXU H\HV´ ZDV GLVSOD\HG XQWLO WKH QH[W WULDO EHJDQ 7KH VHFRQG
FKDQJH ZDV ZLWK UHVSHFW WR KRZ SDUWLFLSDQWV UHSRUWHG SUREH OHWWHUV 5DWKHU WKDQ SUHVVLQJ NH\V RQ D
NH\ERDUG WR LQGLFDWH WKH LGHQWLW\ RI WKH SUREH OHWWHU SDUWLFLSDQWV ZHUH LQVWUXFWHG WR VLPSO\ VD\ WKH
OHWWHU¶V QDPH 7KLV ZDV GRQH WR DYRLG WKH XVH RI WKH VDPH HIIHFWRU IRU ERWK OHDUQHG DFWLRQV LH
KDQG YV H\H PRYHPHQWV DQG WKH SUREH UHVSRQVHV $ SLORW VWXG\ VXJJHVWHG WKDW KDQGPRYHPHQW
OHDUQLQJ ZDV DGYHUVHO\ DIIHFWHG E\ WKH XVH RI KDQG PRYHPHQWV WR DOVR LQGLFDWH WKH UDQGRP SUREH
OHWWHU 7KH H[SHULPHQWHU ZDV LQ WKH URRP DQG HQWHUHG WKH UHSRUWHG SUREH OHWWHUV RQ D NH\ERDUG VR

WKDW WKH DSSURSULDWH UHLQIRUFHPHQW IHHGEDFN FRXOG EH SURYLGHG WR WKH SDUWLFLSDQW
$V LQ %HKDYLRUDO ([SHULPHQW  SDUWLFLSDQWV ZHUH JLYHQ D VPDOO QXPEHU RI SUDFWLFH WULDOV KHUH
 WULDOV SULRU WR WKH EHJLQQLQJ RI WKH WDVN
 (;3(5,0(17 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$Q I05, H[SHULPHQW ZDV FDUULHG RXW WR GHWHUPLQH ZKHWKHU UHZDUGSUHGLFWLRQ HUURUV SUHGLFWHG E\
5/ DUH ORFDWHG LQ DQDWRPLFDOO\ GLVWLQFW UHJLRQV RI WKH VWULDWXP IRU KDQGPRYHPHQWV H\H PRYHPHQWV
DQG FRYHUW VKLIWV RI YLVXDO DWWHQWLRQ LQ DFFRUGDQFH ZLWK SUHGLFWLRQV IURP RXU 5/ IUDPHZRUN 7KH
H[SHULPHQW ZDV VLPLODU WR ([SHULPHQW  EXW LQFOXGHG DOO WKUHH DFWLRQ W\SHV LH KDQG PRYHPHQWV
H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV $OVR LQ RUGHU WR EHWWHU LVRODWH I05, VLJQDOV GXULQJ
UHLQIRUFHPHQW OHDUQLQJ ZH LQFOXGHG D UXQ RI D IL[HG QXPEHU RI &21752/ WULDOV GHVFULEHG EHORZ
SULRU WR HDFK H[SHULPHQWDO UXQ
3DUWLFLSDQWV  SDUWLFLSDQWV ZHUH UHFUXLWHG IRU WKH VWXG\ WKURXJK DGYHUWLVHPHQWV SODFHG RQ
WKH 8QLYHUVLW\ RI 3LWWVEXUJK FDPSXV DQG WKURXJK OLVWV RI SDUWLFLSDQWV ZKR KDG SDUWLFLSDWHG LQ SULRU
I05, VWXGLHV LQ DIILOLDWHG ODERUDWRULHV 7KH UHTXLUHPHQWV IRU WKH VWXG\ ZHUH QRUPDO RU FRUUHFWHG
WRQRUPDO YLVLRQ ULJKWKDQGHGQHVV DQG QRW WDNLQJ GUXJV IRU DQ\ PHQWDO GLVRUGHU 3DUWLFLSDQWV ZHUH
SDLG D EDVH UDWH RI  SHU KRXU DQG ZHUH SDLG H[WUD PRQH\ DFFRUGLQJ WR WKH QXPEHU RI FRUUHFW
UHVSRQVHV WKDW WKH\ PDGH GXULQJ WKH H[SHULPHQW 1RQH RI WKH SDUWLFLSDQWV ZHUH HOLPLQDWHG EHFDXVH
RI WKHLU LQDELOLW\ WR SHUIRUP WKH H[SHULPHQW
$SSDUDWXV $ PLQXWH EHKDYLRUDO SUDFWLFH VHVVLRQ WRRN SODFH SULRU WR WKH I05, VFDQ XV
LQJ WKH VDPH URRP DQG HTXLSPHQW DV ([SHULPHQWV  DQG  7KH I05, VFDQV WKHQ WRRN SODFH WKDW
GD\ RU WKH QH[W DW WKH %UDLQ ,PDJLQJ 5HVHDUFK &HQWHU %,5& DW WKH 8QLYHUVLW\ RI 3LWWVEXUJK
7KH 05 VFDQQHU ZDV D 6LHPHQV 7 $OOHJUD VFDQQHU $ ILEHURSWLF DOOSODVWLF MR\VWLFN PRGHO
++-2< IURP &XUUHQW 'HVLJQV KWWSFXUGHVFRP ZDV XVHG 7KH MR\VWLFN PRYHPHQWV ZHUH
LQWHUSUHWHG LQWR NH\ERDUG EXWWRQ SUHVVHV XVLQJ WKH IUHH VRIWZDUH -R\VWLFN&XUVRU7RRO MR\FXUH[H
KWWSZZZGHLQPHLVWHUGHMR\FXUBHKWP (\H WUDFNLQJ ZDV GRQH LQ WKH05 VFDQQHU XVLQJ DQ $6/
7LOW3DQ 2SWLFV  WR HQVXUH WKDW SDUWLFLSDQWV GLG QRW PRYH WKHLU H\HV GXULQJ KDQGPRYHPHQW DQG

FRYHUWDWWHQWLRQVKLIW WULDOV (\H PRYHPHQW GDWD ZDV VWUHDPHG RYHU D VHULDO FRQQHFWLRQ IURP WKH
$6/ (\H7UDFNHU LQWHUIDFH WR WKH H[SHULPHQW GLVSOD\ FRPSXWHU 2Q WULDOV ZKHUH SDUWLFLSDQWV ZHUH
UHTXLUHG WR PDLQWDLQ FHQWUDO IL[DWLRQ WKH WULDO ZDV WHUPLQDWHG LI SDUWLFLSDQWV IL[DWHG RXWVLGH RI D
UHJLRQ VXUURXQGLQJ WKH FHQWUDO VWLPXOXV IRU PRUH WKDQ PV
$ PLFURSKRQH WR GHWHFW WKH SDUWLFLSDQWV¶ RUDO UHVSRQVHV ZDV RULHQWHG WRZDUGV WKH SDUWLFLSDQW¶V
KHDG DQG WDSHG WR WKH KHDG FRLO $ SODVWLF LQVXODWRU ZDV LQVHUWHG EHWZHHQ WKH PLFURSKRQH DQG WKH
KHDG FRLO WR UHGXFH LUUHJXODU QRLVH FDXVHG E\ YLEUDWLRQV 7R DOORZ WKH H[SHULPHQWHU WR KHDU WKH
SDUWLFLSDQW UHVSRQVHV FDQFHOODWLRQ RI WKH UHSHWLWLYH VFDQQHU QRLVH ZDV SHUIRUPHG LQ UHDO WLPH E\ D
0DFERRN 3UR ODSWRS UXQQLQJ D VFULSW VHH $SSHQGL[ % LPSOHPHQWHG LQ WKH VWURQJO\WLPHG DXGLR
SURJUDPPLQJ ODQJXDJH &KXF.  KWWSFKXFNFVSULQFHWRQHGX 7KH VFULSW VLPXODWHG D YLUWXDO
\SOXJ WKDW FRPELQHG WKH FXUUHQW LQFRPLQJ VRXQG ZLWK D WLPHGHOD\HG LQYHUWHG FRS\ V\QFKURQL]HG
WR WKH VFDQQHU UHSHWLWLRQ WLPH ZKLFK ZDV DSSUR[LPDWHO\  VHFRQGV
3UDFWLFH 6HVVLRQ 3ULRU WR WKH I05, VFDQ DOO SDUWLFLSDQWV XQGHUZHQW D SUDFWLFH VHVVLRQ WR JDLQ
IDPLOLDULW\ ZLWK DQG WR DVN TXHVWLRQV DERXW WKH WDVN EHFDXVH VXFK DQ RSSRUWXQLW\ ZDV QRW SRVVLEOH
GXULQJ WKH I05, H[SHULPHQW 'XULQJ SUDFWLFH WKH H\HWUDFNHU ZDV XVHG WR HQVXUH WKDW SDUWLFLSDQWV
GLG QRW PRYH WKHLU H\HV GXULQJ WKH KDQGPRYHPHQW DQG FRYHUWDWWHQWLRQVKLIW FRQGLWLRQV 3DUWLFL
SDQWV KDG  SUDFWLFH WULDOV WKDW VLPLODU WR WKH &21752/ FRQGLWLRQ LQYROYHG WKH SUHVHQWDWLRQ RI
DQ DUURZ WKDW LQGLFDWHG WKH FRUUHFW ORFDWLRQ IRU WKH FXUUHQW DFWLRQ HJ PRYH WKH H\HV OHIW IROORZHG
E\  OHDUQLQJ WULDOV 7KHVH SUDFWLFH &21752/ WULDOV WKXV HQWDLOHG QR RU OLWWOH OHDUQLQJ 7KUHH
SDUWLFLSDQWV KDG GLIILFXOW\ ZLWK WKH FRYHUW DWWHQWLRQ VKLIWV DQG ZHUH DOORZHG DGGLWLRQDO SUDFWLFH
WULDOV
I05, 6HVVLRQ 3ULRU WR WKH I05, VFDQ SDUWLFLSDQWV ZHUH LQVWUXFWHG WR EUHDWKH UHJXODUO\ DQG
LPSRUWDQWO\ WR QRW WDNH GHHS EUHDWKV EHIRUH UHSRUWLQJ WKH SUREH OHWWHUV EHFDXVH RI WKH SRWHQWLDO
LQWURGXFWLRQ RI DUWLIDFWV .ZDQ-LQ -XQJ SHUVRQDO FRPPXQLFDWLRQ 3DUWLFLSDQWV ZHUH DOVR WROG WKDW
WKHLU YRFDO UHVSRQVHV ZRXOG EH SURFHVVHG XVLQJ VRXQG FDQFHOODWLRQ WHFKQRORJ\ VR WKDW VSHDNLQJ DW D
QRUPDO YROXPH ZRXOG EH VXIILFLHQW WR HQDEOH XV WR KHDU WKHLU UHVSRQVHV ,Q D IHZ FDVHV ZKHUH LW ZDV
GLIILFXOW WR KHDU WKH SDUWLFLSDQW RU GLVWLQJXLVK EHWZHHQ WZR OHWWHUV EHFDXVH RI SDUWLFLSDQW¶V DFFHQW
WKH H[SHULPHQWHU LQGLFDWHG WKLV WR WKH SDUWLFLSDQW GXULQJ WKH SDXVH LQWHUYDO WKDW RFFXUUHG EHWZHHQ WKH
&21752/ DQG /($51 UXQV $GGLWLRQDOO\ WR PD[LPL]H LQWHOOLJLELOLW\ PLQLPL]H KHDG PRYHPHQW

DQG PLQLPL]H DQ\ VLQXV FORVXUHV WKDW PLJKW UHVXOW LQ PDJQHWLF VXVFHSWLELOLW\ DUWLIDFWV WKH YRZHOV
$ , 2 DQG 8 ZHUH XVHG IRU WKH SUREH UHVSRQVHV
$IWHU D SDUWLFLSDQW ZDV PRYHG LQWR WKH VFDQQHU WKH MR\VWLFN ZDV DWWDFKHG WR WKH VFDQQHU EHG
RU ERUH VR WKDW WKH SDUWLFLSDQW FRXOG FRPIRUWDEO\ UHDFK LW $ VFUHHQ ZDV GLVSOD\HG WR WHVW ZKHWKHU
WKH MR\VWLFN ZDV UHJLVWHULQJ LQWHQGHG DFWLRQV DQG WKH H[SHULPHQWHU DGMXVWHG WKH VHQVLWLYLW\ WKUHVK
ROG RI WKH -R\VWLFN&XUVRU7RRO VRIWZDUH IRU GHWHFWLQJ PRYHPHQW $IWHU WKH MR\VWLFN FDOLEUDWLRQ
ERWK 7 035$*( DQG 7VWUXFWXUDO LPDJHV ZHUH DFTXLUHG 7KHQ VHYHQ PLQXWHV RI UHVWLQJ VWDWH
IXQFWLRQDO GDWD ZDV DFTXLUHG GXULQJ ZKLFK WKH SDUWLFLSDQW ZDV LQVWUXFWHG WR OLH VWLOO ZLWK KLVKHU
H\HV IRFXVHG RQ WKH ZRUG ³5HOD[´ GLVSOD\HG LQ JUH\ IRQW DW WKH FHQWHU RI WKH VFUHHQ DJDLQVW D GDUN
EDFNJURXQG $IWHU WKLV WKH SDUWLFLSDQWV ZHUH LQVWUXFWHG WKDW WKH H[SHULPHQW ZRXOG EHJLQ
I05, ([SHULPHQW 'HVLJQ 7KH HQWLUH H[SHULPHQW FRQVLVWHG RI VL[ VFDQQHU UXQV DOWHUQDWLQJ
EHWZHHQ &21752/ UXQV GXULQJ ZKLFK D WULDQJOH LQGLFDWHG WKH GLUHFWLRQ RI WKH ³FRUUHFW´ DFWLRQ
DQG QR UHLQIRUFHPHQW IHHGEDFN ZDV SURYLGHG DQG /($51 UXQV GXULQJ ZKLFK WKH SDUWLFLSDQW KDG
WR GHWHUPLQH WKH GLUHFWLRQ RI WKH FRUUHFW DFWLRQ DQG UHFHLYHG UHLQIRUFHPHQW IHHGEDFN 7KH RUGHU
RI WKH DFWLRQ PRGDOLWLHV LH KDQG H\H RU DWWHQWLRQ PRYHPHQW ZDV SVHXGRUDQGRPL]HG DFURVV
SDUWLFLSDQWV EXW ZLWK WKH &21752/ UXQ DOZD\V SUHFHGLQJ WKH /($51 UXQ LQ WKH VDPH DFWLRQ
PRGDOLW\ $W WKH EHJLQQLQJ RI HDFK UXQ SDUWLFLSDQWV ZHUH LQIRUPHG YRFDOO\ E\ WKH H[SHULPHQWHU
DQG E\ D PHVVDJH RQ WKH VFUHHQ DERXW WKH QDWXUH RI WKH QH[W UXQ (DFK &21752/ UXQ FRQWDLQHG
 WULDOV DQG HDFK /($51 UXQ FRQWDLQHG  WULDOV 'XULQJ WKH /($51 UXQV D QHZ UDQGRP FRORU
DFWLRQ FRQWLQJHQF\ PDSSLQJ ZDV LQWURGXFHG DIWHU  WULDOV UDWKHU WKDQ  WULDOV DV LQ ([SHULPHQWV
 DQG  7KXV WKHUH ZHUH  WULDOV  &21752/ WULDOV   /($51 WULDOV
)LQDOO\ WR DGDSW WKH EDVLF SDUDGLJP WR WKH I05, H[SHULPHQW WZR RWKHU GHVLJQ FKDQJHV ZHUH
PDGH )LUVW EHFDXVH WKH I05, H[SHULPHQW ZDV D IDVWHYHQW UHODWHG GHVLJQ MLWWHU FRQVLVWLQJ RI
UDQGRPO\ VHOHFWHG SHULRGV ODVWLQJ   RU  75V LH   RU  VHFRQGV ZDV LQWURGXFHG EHWZHHQ WKH
WULDOV WR LPSURYH WKH DELOLW\ WR GHFRQYROYH WKH I05, VLJQDO $SSUR[LPDWHO\  RI WKH H[SHULPHQW
WLPH ZDV VSHQW LQ MLWWHULQWURGXFHG 75V 6HFRQG WR KHOS HQVXUH WKDW DWWHQWLRQ ZDV EHLQJ GLUHFWHG
WR RQH RI WKH SHULSKHUDO ER[HV WKH SUREH OHWWHUV ZHUH UHSODFHG ZLWK D PDVN ZLWKLQ  PV RI WKHLU
DSSHDUDQFH E\ DQ DPSHUVDQG FKDUDFWHU 7KLV ZDV GRQH WR HQVXUH WKDW SDUWLFLSDQWV ZHUH DWWHQGLQJ WR
WKH DSSURSULDWH ORFDWLRQ DW WKH DSSURSULDWH WLPH

I05, ,PDJH $FTXLVLWLRQ $ WHVOD05, VFDQQHU 6LHPHQV $OOHJUD ZDV XVHG WR DFTXLUH VWUXF
WXUDO 7ZHLJKWHG035$*( LPDJHV  VOLFHV VOLFH JDS  PP VOLFH WKLFNQHVV  PP 7(  PV
75  PV IOLS DQJOH   GHJUHHV PDWUL[  [ )R9  PP VWUXFWXUDO 7ZHLJKWHG
LPDJHV  VOLFHV VOLFH JDS  PP VOLFH WKLFNQHVV  PP 7(  PV 75  PV IOLS DQ
JOH   GHJUHHV PDWUL[  [ )R9  PP DQG IXQFWLRQDO 7ZHLJKWHG HFKR SODQDU
LPDJHV  VOLFHV VOLFH JDS  PP VOLFH WKLFNQHVV  PP 75  V 7(  PV IOLS DQJOH  
GHJUHHV )R9  PP WR H[DPLQH EORRG R[\JHQ OHYHOGHSHQGHQW %2/' FRQWUDVWV
I05, ,PDJH 3UHSURFHVVLQJ )XQFWLRQDO LPDJHVZHUH SUHSURFHVVHG XVLQJ$)1, KWWSDIQLQLPKQLKJRY
$IWHU UHFRQVWUXFWLRQ IURP ',&20 IRUPDW XVLQJ WRG WLPHVOLFH FRUUHFWLRQ ZDV DSSOLHG WR WKH LP
DJHV WR GHLQWHUODFH WKHP 7KH LPDJHV ZHUH WKHQ FRUUHFWHG IRU KHDG PRWLRQ LH YROXPH UHJLVWUD
WLRQ DQG WKHQ DOLJQPHQW XVLQJ $)1,¶V DOLJQBHSLBDQDWS\ S\WKRQ VFULSW )XQFWLRQDO LPDJLQJ VLJQDOV
ZHUH WKHQ UHVWULFWHG WR ZLWKLQ WKH EUDLQ XVLQJ DQ DXWRWKUHVKROGHG PDVN )RU HDFK UXQ WKH LQWHQ
VLW\ YDOXHV RI HDFK YR[HO ZHUH QRUPDOL]HG WR D FRPPRQ VLJQDO LQWHQVLW\ UDQJH XVLQJ LWV RZQ PHDQ
ZLWKLQ WKH UXQ %HFDXVH RI WKH KLJKO\ VSHFLILF SUHGLFWLRQV DERXW WKH DQDWRPLFDO ORFDOL]DWLRQ RI WKH
VLJQDOV QR VSDWLDO VPRRWKLQJ ZDV SHUIRUPHG GXULQJ SUHSURFHVVLQJ
)RU WKH SXUSRVHV RI JURXSOHYHO DQDO\VLV DQG VWDQGDUG FRRUGLQDWH UHSRUWLQJ VWUXFWXUDO LPDJHV
ZHUHZDUSHG WR WKH 771 WHPSODWH EUDLQ SURYLGHG E\$)1, XVLQJ WKH GHIDXOW VHWWLQJV RI WKH QRQOLQ
HDU ZDUSLQJ WRRONLW $GYDQFHG1RUPDOL]DWLRQ 7RROV YHUVLRQ  $176 KWWSZZZSLFVOXSHQQHGX$176
,Q WKH SUHVHQW VWXG\ WKH XVH RI D KLJKGLPHQVLRQDO QRQOLQHDU ZDUS SURFHGXUH ZDV SUHIHUUHG WR WKH
OLQHDU DIILQH WUDQVIRUPDWLRQV SHUIRUPHG LQ $)1, EHFDXVH RI WKH ODUJH GHJUHH RI LQWHUVXEMHFW YDUL
DELOLW\ ZH REVHUYHG LQ WKH VWULDWXP LQ SDUWLFXODU LQ WKH GRUVDO SDUWV RI WKH FDXGDWH QXFOHXV 7KH
GHIDXOW VHWWLQJV XVHG E\ $176ZHUH WUDQVIRUPDWLRQ  6\1>@ PD[,WHUDWLRQV  [[ 0XO
WL5HVROXWLRQ   UHJXODUL]DWLRQ  *DXVV>@ PHWULF ³35>´
I05, 'DWD $QDO\VLV 7KH SUHSURFHVVHG IXQFWLRQDO GDWD ZDV VXEMHFWHG WR D GHFRQYROXWLRQ DQDO
\VLV LQ $)1,¶V G'HFRQYROYH SURJUDP DW WKH LQGLYLGXDO OHYHO 7KH UHVXOWLQJ UHJUHVVLRQ FRHIILFLHQW
LH ³EHWD´ PDSV ZHUH VPRRWKHG ZLWK D *DXVVLDQ NHUQHO RI PP IXOOZLGWK KDOIPD[ $ WWHVW
DJDLQVW ]HUR ZDV SHUIRUPHG WR GHULYH JURXSOHYHO UHVXOWV 1LQH UHJUHVVRUV FRQVLVWLQJ RI ELQDU\
HYHQWV IRU PRYHPHQWV PRGHOHG VFDODUV IRU SRVLWLYH UHZDUGSUHGLFWLRQ HUURUV DQG PRGHOHG VFDODUV
IRU QHJDWLYH UHZDUGSUHGLFWLRQ HUURU IRU HDFK RI WKH WKUHH DFWLRQ PRGDOLWLHV ZHUH WKHQ DSSOLHG WR

WKH SUHSURFHVVHG VHH $SSHQGL[ $ I05, GDWD XVLQJ $)1,¶V G'HFRQYROYH SURJUDP 1R KHPRG\
QDPLF VKDSH ZDV DVVXPHG EHFDXVH RI SULRU ILQGLQJV VKRZLQJ GHYLDWLRQV IURP WKH VWDQGDUG KHPR
G\QDPLF UHVSRQVH IXQFWLRQ LQ WKH VWULDWXP UHZDUG DQG SXQLVKPHQW VLJQDOV 'HOJDGR HW DO 
 7KH LPSXOVH UHVSRQVH IXQFWLRQ ZDV HVWLPDWHG IRU 75V  WKURXJK  LH IURP  WR  VHF
RQGV IURP WKH HYHQW RI LQWHUHVW *LYHQ WKH OHQJWK RI WKH VFDQQHU UXQV $)1, V UHFRPPHQGHG
EDVHOLQH SRO\QRPLDO RI RUGHU  LH ³SRORUW  ´ ZDV LQFOXGHG LQ WKH VWDWLVWLFDO PRGHO WR FDSWXUH
WUHQGV LQ WKH GDWD GXH WR VFDQQHU GULIW DQG SHULRGLF VLJQDOV 7KH FRHIILFLHQWV RI WKH ILWWHG IXQFWLRQV
LH WKH ³EHWD ZHLJKWV´ IURP G'HFRQYROYH ZHUH WKHQ WUDQVIRUPHG WR D VWDQGDUG WHPSODWH EUDLQ
LQ 7DODLUDFK VSDFH 771 XVLQJ WKH $176 :DUS,PDJH0XOWL7UDQVIRUP FRPPDQG *URXSOHYHO
WWHVWV ZHUH WKHQ SHUIRUPHG WR GHWHUPLQH ZKHWKHU WKH FRHIILFLHQWV ZHUH UHOLDEO\ JUHDWHU WKDQ 
7KH UHZDUGSUHGLFWLRQ HUURU UHJUHVVRUV ZHUH REWDLQHG E\ FRPSXWLQJ XVLQJ D 5HVFRUOD:DJQHU
UXOH 5HVFRUOD DQG :DJQHU  WR XSGDWH D VWRUHG UHZDUGSUHGLFWLRQ YDOXH DVVRFLDWHG ZLWK WKH
FRPELQDWLRQ RI WKH VWLPXOXV YLHZHG HJ ³JUHHQ ER[HV´ DFWLRQ WDNHQ HJ ³VKLIWHG DWWHQWLRQ WR
OHIW ER[´ DQG UHLQIRUFHPHQW UHFHLYHG HJ ³´ RQ HYHU\ WULDO L E\ HDFK KXPDQ SDUWLFLSDQW
9LFRORU 	 DFWLRQ  9 L FRORU 	 DFWLRQ  OHDUQLQJ5DWH  UHZDUG3UHGLFWLRQ(UURU L
ZKHUH
UHZDUG3UHGLFWLRQ(UURUL  >UHLQIRUFHPHQW L 9FRORU 	 DFWLRQ L@
,Q WKLV HTXDWLRQ ³9´ LQGLFDWHV WKH YDOXH DVVRFLDWHG ZLWK D SDUWLFXODU FRPELQDWLRQ RI DFWLRQ DQG
VWLPXOXV 7R GHWHUPLQH WKH OHDUQLQJ UDWH SDUDPHWHU IRU WKH JURXS RI SDUWLFLSDQWV ZH SHUIRUPHG 
0RQWH &DUOR 5/ DJHQW VLPXODWLRQV IRU HDFK FRQGLWLRQ LH LQGHSHQGHQW DJHQWV IRU KDQGPRYHPHQWV
H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV 7KH OHDUQLQJ UDWH LH WKH UDWH DW ZKLFK WKH DJHQW
XSGDWHG WKH YDOXH IXQFWLRQ WKDW JXLGHG LWV DFWLRQ VHOHFWLRQ ZDV YDULHG IURP  WR  LQ VWHSV RI
 )RU HDFK OHDUQLQJ UDWH WKH RXWSXW EHKDYLRU RI WKH HDFK DJHQW ZDV FRPSDUHG WR WKDW RI HDFK
KXPDQ SDUWLFLSDQW 7KH OHDUQLQJ UDWH WKDW DOORZHG WKH DJHQWV WR EHVW ILW WKH DFWLRQV VHOHFWHG E\ DOO
 SDUWLFLSDQWV HJ WKH UDWH WKDW PLQLPL]HG WKH PHDQ DEVROXWH GHYLDWLRQ EHWZHHQ WKH VLPXODWHG DQG
REVHUYHG YDOXHV LQ DOO FRQGLWLRQV VLPXOWDQHRXVO\ ZDV  )RU DOO VXEVHTXHQW DQDO\VHV WKH OHDUQLQJ
UDWH ZDV WKHUHIRUH IL[HG WR WKLV YDOXH  DQG UHZDUGSUHGLFWLRQ HUURUV JHQHUDWHG E\ HDFK DJHQW
RQ HDFK WULDO ZHUH WKHQ XVHG WR GHULYH UHJUHVVRUV IRU HDFK SDUWLFLSDQW 7KH SRVLWLYH DQG QHJDWLYH
FRPSRQHQWV RI DFWLRQVSHFLILF UHZDUGSUHGLFWLRQ HUURUV ZHUH VHSDUDWHG IRU HDFK RI WKH WKUHH W\SHV

RI DFWLRQ XQGHU WKH DVVXPSWLRQ WKDW WKH KHPRG\QDPLF UHVSRQVH VKDSHV IRU UHZDUG DQG SXQLVKPHQW
GLIIHU 'HOJDGR HW DO  
 %(+$9,25$/ 5(68/76
$V\PSWRWLF 3HUIRUPDQFH DQG /HDUQLQJ 5DWHV %HFDXVH ZH ZHUH LQWHUHVWHG LQ VWXG\LQJ QHXUDO
PHFKDQLVPV XQGHUO\LQJ WKH OHDUQLQJ RI GLIIHUHQW W\SHV RI DFWLRQV ZH ILUVW VRXJKW WR FDUU\ RXW D
EHKDYLRUDO VWXG\ WR REWDLQ SHUIRUPDQFH GDWD ,Q SDUWLFXODU ZH ZDQWHG WR GHWHUPLQH ZKHWKHU SDUWLF
LSDQWV ZRXOG EH DEOH WR OHDUQ HDFK RI WKH WKUHH DFWLRQV WR DQ DV\PSWRWLF RSWLPDO OHYHO ZLWKLQ D VLQJOH
H[SHULPHQWDO VHVVLRQ RU ZKHWKHU WKH GLIIHUHQW DFWLRQV DUH PRUH RU OHVV GLIILFXOW WR OHDUQ ,I LW WXUQHG
RXW WKDW D SDUWLFXODU DFWLRQ ZDV IXQGDPHQWDOO\ PRUH GLIILFXOW WR OHDUQ WKURXJK UHLQIRUFHPHQW WKHQ
WKLV ZRXOG SURYLGH MXVWLILFDWLRQ IRU PDNLQJ VSHFLILF GLIIHUHQWLDO SUHGLFWLRQV DERXW WKH XQGHUO\LQJ
QHXUDO HIIHFWV RI UHLQIRUFHPHQW RQ WKDW DFWLRQ
:H WKHUHIRUH TXDQWLILHG WKUHH DVSHFWV RI KXPDQ EHKDYLRUDO GDWD DV WKH\ ZHUH UHZDUGHG IRU SHU
IRUPLQJ KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV  DV\PSWRWLF SHUIRUPDQFH
OHYHOV  ILWWHG FXUYH OHDUQLQJ UDWH SDUDPHWHUV DQG LQ WKH QH[W VHFWLRQ  ILWV EHWZHHQ KXPDQ
DQG 5/ DJHQW DFWLRQ VHOHFWLRQ )LUVW ZH PHDVXUHG SDUWLFLSDQWV¶ DV\PSWRWLF SHUIRUPDQFH OHYHOV E\
TXDQWLI\LQJ WKH SHUFHQW FRUUHFW UHVSRQVHV DFKLHYHG E\ WKH HQG RI HDFK UXQ 7KH PD[LPXP H[SHFWHG
DV\PSWRWLF SHUIRUPDQFH OHYHO ZDV  FRUUHFW EHFDXVH  RI WKH WULDOV ZHUH UDQGRPO\ LQYHUWHG
VHH 0HWKRGV 0LQLPXP LH FKDQFH SHUIRUPDQFH ZDV H[SHFWHG WR EH  EHFDXVH WKHUH ZHUH
IRXU SRVVLEOH DFWLRQV RQ HDFK WULDO :H WKHUHIRUH H[FOXGHG SDUWLFLSDQWV WKDW ZHUH RYHU WZR VWDQGDUG
GHYLDWLRQV DZD\ IURP WKH  SHUIRUPDQFH OHYHO 7KHVH H[FOXGHG SDUWLFLSDQWV ZHUH DOVR ZLWKLQ
RQH VWDQGDUG GHYLDWLRQ RI FKDQFH SHUIRUPDQFH
7R WHVW WKH K\SRWKHVLV WKDW GLIIHUHQW DFWLRQV FRXOG EH OHDUQHG HTXDOO\ ZHOO ZH FRPSDUHG WKH
DV\PSWRWLF EHKDYLRUDO SHUIRUPDQFH OHYHOV EHWZHHQ WKH GLIIHUHQW FRQGLWLRQV WR VHH ZKHWKHU WKH\
ZHUH HTXDO $V\PSWRWLF SHUIRUPDQFH OHYHOV ZHUH GHILQHG WR EH WKH DYHUDJH QXPEHU RI UHZDUGHG
UHVSRQVHV GXULQJ WKH ODVW  WULDOV 7KH WULDOV ZHUH ELQQHG LQWR JURXSV RI ILYH EHFDXVH SDUWLFLSDQWV
PDGH QR UHVSRQVHV RQ VRPH RI WKH WULDOV HJ WULDOV WKDW UHTXLUHG SDUWLFLSDQWV WR PDLQWDLQ FHQWUDO
IL[DWLRQ ZHUH WHUPLQDWHG HDUO\ LI SDUWLFLSDQWV PRYHG WKHLU H\HV 7KXV LI WKHUH ZDV QR UHVSRQVH
IRU D SDUWLFXODU WULDO LW ZDV FRXQWHG DV QHLWKHU FRUUHFW QRU LQFRUUHFW DFFRUGLQJ WR WKLV PHDVXUH

)RU H[DPSOH LI SDUWLFLSDQWV FRPSOHWH  RI WKH  WULDOV LQ D ELQ DQG JRW  UHVSRQVH LQFRUUHFW WKHQ
WKH SHUFHQW FRUUHFW ZDV FRPSXWHG ZLWK UHVSHFW WR  UHVSRQVHV UDWKHU WKDQ  WULDOV LH     
 FRUUHFW :H ILUVW H[DPLQHG WKH  SDUWLFLSDQWV LQ ([SHULPHQW  ZKLFK FRPSDUHG 5/ RI H\H
PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV $V LQGLFDWHG WKH GDWD IURP SDUWLFLSDQWV ZKRVH ILQDO DV\PS
WRWLF SHUIRUPDQFH DW WKH HQG RI WKH WDVN LQ DQ\ FRQGLWLRQ ZDV PRUH WKDQ  VWDQGDUG GHYLDWLRQV
DZD\ IURP WKH WKHRUHWLFDO RSWLPDO SHUIRUPDQFH OHYHO RI  ZHUH HOLPLQDWHG IURP IXUWKHU DQDO
\VHV 7KLV FXWRII ZDV    [    IRU WKH H\HPRYHPHQW FRQGLWLRQ DQG  
 [    IRU WKH FRYHUWDWWHQWLRQVKLIW FRQGLWLRQ 8VLQJ WKHVH FXWRIIV ZH HOLPLQDWHG
HLJKW SDUWLFLSDQWV DQG WKHQ WHVWHG IRU GLIIHUHQFHV LQ DV\PSWRWLF SHUIRUPDQFH OHYHOV LQ WKH UHPDLQ
LQJ  SDUWLFLSDQWV %LQQHG SHUIRUPDQFH GDWD IRU WKHVH SDUWLFLSDQWV LV VKRZQ LQ WKH WRS SRUWLRQ RI
)LJXUH  :H IRXQG WKDW DW WKH KDOIZD\ SRLQW LQ HDFK H[SHULPHQWDO FRQGLWLRQ LH EHIRUH WKH ILUVW
FRQWLQJHQF\ VZLWFK DV\PSWRWLF SHUIRUPDQFH OHYHOV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ H\H
PRYHPHQW DQG FRYHUWDWWHQWLRQVKLIW FRQGLWLRQV GLIIHUHQFH   W   S  
QV QRU ZHUH WKHVH FRQGLWLRQV GLIIHUHQW DW WKH HQG RI WKH H[SHULPHQW GLIIHUHQFH   W  
 S   QV 7R PD[LPL]H RXU SRZHU WR GHWHFW DQ\ VXFK GLIIHUHQFHV ZH WKHQ SRROHG
WKH DV\PSWRWLF SHUIRUPDQFH GDWD IURP WKH KDOIZD\ SRLQW DQG WKH ILQDO DV\PSWRWLF OHYHOV IURP ERWK
FRQGLWLRQV DQG DJDLQ IRXQG QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ
VKLIWV GLIIHUHQFH   W   S   QV $ SRZHU DQDO\VLV XVLQJ *3RZHU
)DXO HW DO  LQGLFDWHG SRZHU RI S   WR GHWHFW D GLIIHUHQFH RI  LH DQ HIIHFW VL]H RI
 FRPSXWHG XVLQJ D SRROHG VWDQGDUG GHYLDWLRQ RI  WKXV WKH IDLOXUH WR ILQG DQ\ VXFK
GLIIHUHQFHV LV XQOLNHO\ WR EH GXH WR LQDGHTXDWH VWDWLVWLFDO SRZHU
7KH UHVXOWV RI ([SHULPHQW  VXJJHVW WKDW SDUWLFLSDQWV ZHUH DEOH WR OHDUQ WR PRYH ERWK WKHLU
H\HV DQG FRYHUW DWWHQWLRQ WKURXJK UHLQIRUFHPHQW DQG WKDW WKH\ ZHUH DEOH WR GR VR HTXDOO\ ZHOO
)XUWKHUPRUH H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV WKHPVHOYHV GR QRW VHHP WR UHTXLUH OHDUQLQJ
SURFHVVHV WKDW ZRXOG VLJQLILFDQWO\ DIIHFW WKH DELOLW\ RI SDUWLFLSDQWV WR OHDUQ VXFK EHKDYLRUV IURP
UHLQIRUFHPHQW
1H[W ZH FDUULHG RXW WKH VDPH DQDO\VLV IRU WKH  SDUWLFLSDQWV LQ ([SHULPHQW  3DUWLFLSDQWV
ZKRVH ILQDO DV\PSWRWLF SHUIRUPDQFH DW WKH HQG RI WKH WDVN LQ HLWKHU FRQGLWLRQ ZDV PRUH WKDQ 
VWDQGDUG GHYLDWLRQV DZD\ IURP WKH WKHRUHWLFDO RSWLPDO SHUIRUPDQFH OHYHO RI  ZHUH HOLPLQDWHG

IURP IXUWKHU DQDO\VHV 7KHVH FXWRIIV ZHUH      DQG      IRU
WKH KDQG DQG H\HPRYHPHQW FRQGLWLRQV UHVSHFWLYHO\ :H WKHQ WHVWHG IRU GLIIHUHQFHV LQ DV\PSWRWLF
SHUIRUPDQFH LQ WKH UHPDLQLQJ  SDUWLFLSDQWV ZKRVH ELQQHG SHUIRUPDQFH GDWD LV VKRZQ LQ WKH
ERWWRP SRUWLRQ RI )LJXUH  $W WKH KDOIZD\ SRLQW LQ HDFK H[SHULPHQWDO FRQGLWLRQ DV\PSWRWLF
SHUIRUPDQFH OHYHOV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ WKH KDQGPRYHPHQW DQG H\HPRYHPHQW
FRQGLWLRQV GLIIHUHQFH   W   S   QV QRU ZHUH WKH\ GLIIHUHQW DW WKH
HQG RI WKH H[SHULPHQW GLIIHUHQFH   W   S   QV 7R PD[LPL]H RXU
SRZHU WR GHWHFW GLIIHUHQFHV ZH SRROHG WKH DV\PSWRWLF SHUIRUPDQFH GDWD IURP WKH KDOIZD\ SRLQW
DQG ILQDO DV\PSWRWLF OHYHOV IURP ERWK FRQGLWLRQV DQG IRXQG QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ H\H
PRYHPHQWV DQG KDQG PRYHPHQWV GLIIHUHQFH   W   S   QV $ SRZHU
DQDO\VLV LQGLFDWHG SRZHU RI S   WR GHWHFW D GLIIHUHQFH RI  LH DQ HIIHFW VL]H RI 
XVLQJ D SRROHG VWDQGDUG GHYLDWLRQ RI 
$V ZLWK ([SHULPHQW  WKHVH UHVXOWV LQGLFDWH WKDW SDUWLFLSDQWV ZHUH DEOH WR OHDUQ H\H PRYHPHQWV
DQG KDQG PRYHPHQWV WKURXJK UHLQIRUFHPHQW DQG VXJJHVW WKDW WKH\ ZHUH DEOH WR OHDUQ ERWK HTXDOO\
ZHOO +DQG PRYHPHQWV DOVR GR QRW UHTXLUH OHDUQLQJ SURFHVVHV WKDW VLJQLILFDQWO\ DIIHFW WKH DELOLW\
RI SDUWLFLSDQWV WR OHDUQ IURP UHLQIRUFHPHQW 7DNHQ WRJHWKHU WKH UHVXOWV IURP ([SHULPHQWV  DQG 
VXJJHVW WKDW WKHVH WKUHH W\SHV RI DFWLRQV KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ
VKLIWV FDQ EH OHDUQHG HTXDOO\ ZHOO E\ SDUWLFLSDQWV
,Q D VHFRQG DQDO\VLV ZH HYDOXDWHG WKH UDWH RI OHDUQLQJ IRU WKH GLIIHUHQW W\SHV RI DFWLRQ :H XVHG
0$7/$% 7KH 0DWKZRUNV ,QF 1DWLFN 0$ &XUYH )LWWLQJ 7RROER[ LH FIWRRO WR ILW WKH FRHIIL
FLHQWV RI D SRZHU ODZ FXUYH GHVFULELQJ WKH UHODWLRQVKLS EHWZHHQ EHKDYLRUDO SHUIRUPDQFH ELQQHG LQ
WLPH LH WKH SURSRUWLRQ FRUUHFW WR WKH ELQ QXPEHU 7KH FRHIILFLHQWV WKDW ZHUH ILW ZHUH WKH YDULDEOHV
D DQG E LQ WKH HTXDWLRQ \  DWE ZKHUH \ ZDV WKH ELQQHG SHUIRUPDQFH DQG W LV WLPH LQ ELQV FRQWDLQ
LQJ  FRQVHFXWLYH WULDOV HDFK ,Q ([SHULPHQW  H\H PRYHPHQWV ZHUH ILW ZLWK \  W U  
 DQG FRYHUW DWWHQWLRQ VKLIWV ZHUH ILW ZLWK \  W U   ,Q ([SHULPHQW 
H\H PRYHPHQWV ZHUH ILW ZLWK \  W U   DQG KDQG PRYHPHQWV ZHUH ILW ZLWK \  
W U   7KH ILWV DORQJ ZLWK WKH  FRQILGHQFH LQWHUYDOV IRU WKH ILWV DUH SORWWHG
LQ )LJXUH  SDJH  7KH KLJK GHJUHH RI RYHUODS ZLWKLQ WKH ILWV SURYLGHV DGGLWLRQDO HYLGHQFH
FRQVLVWHQW ZLWK WKH K\SRWKHVLV WKDW WKH GLIIHUHQW W\SHV RI DFWLRQV DUH OLNHO\ OHDUQHG XVLQJ HLWKHU WKH

VDPH RU D VLPLODU DOJRULWKP
7RJHWKHU WKH EHKDYLRUDO UHVXOWV VWURQJO\ VXJJHVW WKDW SDUWLFLSDQWV DUH DEOH WR OHDUQ WKHVH GLIIHU
HQW EHKDYLRUV HTXDOO\ ZHOO )XUWKHUPRUH WKHVH UHVXOWV VXJJHVW WKH SRVVLELOLW\ WKDW ZLGHO\ GLIIHUHQW
DFWLRQV DUH OHDUQHG XVLQJ D VLPLODU DOJRULWKP DOWKRXJK WKH\ GR QRW VXJJHVW DQ\ SDUWLFXODU DOJRULWKP
7KHUHIRUH ZH QH[W SURFHHGHG WR WHVW ZKHWKHU WKH GDWD ZHUH FRQVLVWHQW ZLWK DQ DOJRULWKP EDVHG RQ
OHDUQHG UHZDUG SUHGLFWLRQV VXFK DV 5/
5/ $JHQW )LWV $OWKRXJK WKH DQDO\VHV GHVFULEHG LQ WKH SUHFHGLQJ VHFWLRQ VXJJHVWHG WKDW D
VLPLODU OHDUQLQJ DOJRULWKP PLJKW EH XVHG WR UHLQIRUFH GLIIHUHQW W\SHV RI DFWLRQV WKH\ GR QRW WHVW
WKLV FODLP ZLWK UHVSHFW WR D SDUWLFXODU OHDUQLQJ DOJRULWKP 7R DGGUHVV WKLV OLPLWDWLRQ ZH XVHG 5/
VLPXODWLRQV WR WHVW WKH K\SRWKHVLV WKDW 5/ FRXOG H[SODLQ WKH SDWWHUQV RI OHDUQLQJ REVHUYHG ZLWK HDFK
RI WKH DFWLRQV 6SHFLILFDOO\ ZH WHVWHG ZKHWKHU 5/ DJHQWV DUH FDSDEOH RI ILWWLQJ WKH SDUWLFLSDQWV
EHKDYLRU HTXDOO\ ZHOO UHJDUGOHVV RI WKH W\SH RI DFWLRQ EHLQJ UHLQIRUFHG ,I WKHUH LV D GLIIHUHQFH
EHWZHHQ WKH ILWV DV D IXQFWLRQ RI WKH EHKDYLRU EHLQJ VLPXODWHG WKHQ WKLV PLJKW SURYLGH D EDVLV
WR VXJJHVW WKDW RWKHU OHDUQLQJ SURFHVVHV HJ HUURUGULYHQ PRWRU OHDUQLQJ DUH LQYROYHG LQVWHDG
RI RU LQ DGGLWLRQ WR 5/ :H VLPXODWHG 5/ DJHQWV RQ WKH VDPH VHTXHQFH RI VWLPXOL DFWLRQV DQG
UHLQIRUFHPHQW WKDW ZHUH H[SHULHQFHG E\ HDFK SDUWLFLSDQW FRPSDULQJ WKH RXWSXW RI WKH DJHQW RQ
HDFK WULDO WR WKH DFWLRQ VHOHFWHG E\ WKH KXPDQ SDUWLFLSDQW 7KH UDWH DW ZKLFK SRVLWLYH DQG QHJDWLYH
UHLQIRUFHPHQW XSGDWHG WKH YDOXH IXQFWLRQ LH WKH OHDUQLQJ UDWH ZDV YDULHG IURP  WR  LQ
VWHSV RI  7KHUH ZHUH  0RQWH &DUOR DJHQWV VLPXODWHG SHU SDUWLFLSDQW DQG OHDUQLQJ UDWH DQG
D UDQGRPL]HG WLHEUHDNLQJ SURFHGXUH ZDV XVHG ZKHQ FRPSHWLQJ DFWLRQV KDG LGHQWLFDO YDOXHV 7KH
SHUFHQWDJH RI WKH QXPEHU RI DFWLRQV VHOHFWHG E\ ERWK WKH KXPDQ SDUWLFLSDQW DQG WKH VLPXODWHG 5/
DJHQW ZDV XVHG WR DVVHVV WKH ILWV
,Q WHUPV RI WKH SURSRUWLRQ RI WKH VDPH DFWLRQ GLUHFWLRQV VHOHFWHG E\ ERWK KXPDQV DQG 5/ DJHQWV
KXPDQ H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV ZHUH ILW HTXDOO\ ZHOO E\ 5/ DJHQWV LQ ([SHULPHQW
 XVLQJ D VLQJOH OHDUQLQJ UDWH  WR VLPXOWDQHRXVO\ ILW IRU ERWK DFWLRQV +XPDQV DQG 5/ DJHQWV
VHOHFWHG WKH VDPH DFWLRQ HJ PRYH OHIW RQ  DQG  RI WKH WULDOV LQ WKH H\HPRYHPHQW
DQG DWWHQWLRQVKLIW FRQGLWLRQV UHVSHFWLYHO\ >W   S !  QV@ ,Q D VLPLODU PDQQHU
KXPDQ H\H DQG KDQG PRYHPHQWV ZHUH ILW HTXDOO\ ZHOO E\ 5/ DJHQWV LQ ([SHULPHQW  WUDLQHG ZLWK
D VLQJOH OHDUQLQJ UDWH  IRU ERWK DFWLRQV +XPDQV DQG 5/ DJHQWV VHOHFWHG WKH VDPH DFWLRQ RQ

 DQG  RI WKH WULDOV LQ WKH H\H DQG KDQGPRYHPHQW FRQGLWLRQV UHVSHFWLYHO\ >W  
 S !  QV@ :H DOVR GLUHFWO\ FRPSDUHG H\H PRYHPHQWV LQ WKH ILUVW DQG VHFRQG EHKDYLRUDO
H[SHULPHQWV E\ SHUIRUPLQJ D WZRVDPSOH WWHVW DVVXPLQJ HTXDO YDULDQFHV DQG IRXQG QR VLJQLILFDQW
GLIIHUHQFH >W   S !  QV@
7KHVH VLPXODWLRQ UHVXOWV DQG DQDO\VHV VXJJHVW WKDW 5/ DJHQWV WKDW FKRRVH DFWLRQV EDVHG RQ
OHDUQLQJ IURP UHZDUGSUHGLFWLRQ HUURU ILW WKH WKUHH NLQGV RI DFWLRQ HTXDOO\ ZHOO 7KH\ DOVR VXJJHVW
WKDW WKH VDPH NLQG RI OHDUQLQJ RFFXUV IRU SK\VLFDO DFWLRQV HJ H\H DQG KDQG PRYHPHQWV DQG
FRJQLWLYH ³DFWLRQV´ WKDW KDYH QR PRWRU FRPSRQHQW 7DNHQ WRJHWKHU WKHVH UHVXOWV DQG WKH UHVXOWV RI
WKH DQDO\VHV RI DV\PSWRWLF SHUIRUPDQFH WKDW ZHUH UHSRUWHG LQ WKH SUHYLRXV VHFWLRQ LQGLFDWH WKDW DOO
WKUHH DFWLRQV FDQ EH XVHG LQ D WDVN WKDW LV GHVLJQHG WR LQYHVWLJDWH ZKHWKHU UHZDUGSUHGLFWLRQ HUURU
FRPSXWDWLRQV DUH EHLQJ FRPSXWHG LQ WKH VWULDWXP IRU GLIIHUHQW NLQGV RI DFWLRQ 7KH UHVXOWV RI WKH
I05, VWXG\ DQG DQDO\VHV WKDW DUH UHSRUWHG LQ WKH QH[W VHFWLRQ SURYLGH DGGLWLRQDO HYLGHQFH DERXW WKH
LPSOHPHQWDWLRQ RI WKH 5/ DOJRULWKP WKDW VXSSRUWV WKH OHDUQLQJ RI WKHVH DFWLRQV
 )05, 5(68/76
6WULDWDO $FWLYDWLRQV 7KH PDLQ QHXURVFLHQWLILF K\SRWKHVLV RI WKLV SDSHU LV WKDW UHZDUGSUHGLFWLRQ
HUURUV DVVRFLDWHG ZLWK HDFK W\SH RI DFWLRQ LH KDQG PRYHPHQWV H\H PRYHPHQWV DQG DWWHQWLRQ
VKLIWV DUH FRPSXWHG LQ GLVWLQFW SDUWV RI WKH VWULDWXP WKDW DUH WKH WDUJHWV RI WKRVH DFWLRQV¶ QHRFRUWL
FDO UHSUHVHQWDWLRQV 7R WHVW WKLV K\SRWKHVLV ZH SHUIRUPHG D PXOWLSOH UHJUHVVLRQ DQDO\VLV IRU DFWLRQ
VSHFLILF UHZDUGSUHGLFWLRQ HUURU VLJQDOV LQ WKH VWULDWXP RI SDUWLFLSDQWV DV WKH\ UHFHLYHG UHLQIRUFH
PHQW IRU SHUIRUPLQJ WKRVH DFWLRQV $V GHVFULEHG LQ WKH 0HWKRGV WKHVH UHZDUGSUHGLFWLRQ HUURU VLJ
QDOV ZHUH GHULYHG IURP5/ DJHQWV WKDW VLPXODWHG WKH GDWD IURP HDFK SDUWLFLSDQW¶V /($51FRQGLWLRQ
UXQV 3RVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURUV ZHUH VHW HTXDO WR YDOXHV RI ]HUR GXULQJ WKH
&21752/FRQGLWLRQ SRUWLRQ RI WKH H[SHULPHQW XQGHU WKH DVVXPSWLRQ WKDW QR UHZDUG SUHGLFWLRQV
ZHUH EHLQJ PDGH GXULQJ WKH FRQWURO FRQGLWLRQ DQG WKXV WKDW QR UHZDUGSUHGLFWLRQ HUURUV ZHUH K\
SRWKHVL]HG WR EH FRPSXWHG E\ SDUWLFLSDQWV GXULQJ WKHVH WULDOV ,Q DGGLWLRQ WR WKH DFWLRQVSHFLILF
UHZDUGSUHGLFWLRQ HUURU UHJUHVVRUV DFWLRQVSHFLILF PRYHPHQW UHJUHVVRUV ZHUH DOVR LQFOXGHG LQ WKH
PRGHO EHFDXVH SDUWLFLSDQWV DFWXDOO\ SHUIRUPHG DQ DFWLRQ RI WKH LQVWUXFWHG W\SH LQ HDFK WULDO 7KLV
DOORZHG XV WR WHVW WKH DGGLWLRQDO K\SRWKHVLV WKDW UHZDUGSUHGLFWLRQ HUURUV ZHUH EHLQJ FRPSXWHG LQ

WKH VDPH JHQHUDO VWULDWDO UHJLRQV WKDW DUH UHVSRQVLEOH IRU FRQWUROOLQJ WKH PRYHPHQWV WKHPVHOYHV
7KH WDEOH LQ )LJXUH  SDJH  OLVWV WKH ODUJHVW DQG PRVW VLJQLILFDQW UHJLRQV RI LQWHUHVW 52,V
LQ WKH VWULDWXP WKDW FRUUHODWHG VLJQLILFDQWO\ ZLWK SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU DQG
ZLWK PRYHPHQW $V WKH WDEOH LQGLFDWHV WKH SDUWV RI WKH VWULDWXP WKDW FRUUHODWHG VLJQLILFDQWO\ ZLWK
UHZDUGSUHGLFWLRQ HUURU DQGPRYHPHQW ZHUH WKH UHJLRQV NQRZQ WR UHFHLYH DIIHUHQW LQIRUPDWLRQ IURP
QHRFRUWLFDO UHJLRQV WKDW FRQWURO WKH DFWLRQV WKDW ZHUH EHLQJ UHLQIRUFHG 6SHFLILFDOO\ ZH IRXQG WKDW
ZKHQ KDQG PRYHPHQWV ZHUH EHLQJ UHLQIRUFHG SRVLWLYH UHZDUGSUHGLFWLRQ HUURU FRUUHODWHG ZLWK DF
WLYLW\ LQ WKH OHIW SXWDPHQ DQG WKH DQWHULRU FDXGDWH )LJXUH  RQ SDJH  3DQHOV ( 	 ) 1HJDWLYH
UHZDUGSUHGLFWLRQ HUURU IRU KDQG PRYHPHQWV FRUUHODWHG ZLWK VPDOOHU UHJLRQV LQ ELODWHUDO SXWDPHQ
)LJXUH  RQ SDJH  3DQHOV $ 	 % :KHQ H\H PRYHPHQWV ZHUH EHLQJ SRVLWLYHO\ UHLQIRUFHG
SRVLWLYH UHZDUGSUHGLFWLRQ HUURU FRUUHODWHG ZLWK DFWLYLW\ LQ ERWK WKH DQWHULRU FDXGDWH DQG WKH GRUVDO
FDXGDWH )LJXUH  3DQHOV & 	 ' ,Q DGGLWLRQ QHJDWLYH UHZDUGSUHGLFWLRQ HUURU IRU H\H PRYH
PHQWV FRUUHODWHG VLJQLILFDQWO\ ZLWK DFWLYLW\ LQ WKH DQWHULRU FDXGDWH GRUVDO SXWDPHQ DQG QXFOHXV
DFFXPEHQV )LJXUH  3DQHOV & 	 ' )LQDOO\ ZKHQ FRYHUW DWWHQWLRQ VKLIWV ZHUH EHLQJ UHLQIRUFHG
FRUUHODWHG DFWLYLW\ ZDV ORFDOL]HG WR WKH DQWHULRU FDXGDWH IRU ERWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU
DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU )LJXUHV  3DQHOV $ 	 %
7KHVH UHVXOWV VXJJHVW WKDW UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV IRU GLIIHUHQW DFWLRQV LH ULJKW
KDQG PRYHPHQWV VDFFDGLF H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV DUH ORFDOL]HG WR GLIIHUHQW
SDUWV RI WKH VWULDWXP LH WKH DQWHULRU FDXGDWH GRUVDO FDXGDWH DQG OHIW SXWDPHQ UHVSHFWLYHO\
)XUWKHUPRUH EHFDXVH WKH SDUWV RI WKH VWULDWXP WKDW FRUUHODWHG ZLWK UHZDUGSUHGLFWLRQ HUURU ZHUH LQ
ORFDWLRQV WR ZKLFK QHRFRUWLFDO UHSUHVHQWDWLRQV IRU WKRVH DFWLRQV DUH NQRZQ WR SURMHFW WKHVH UHVXOWV
DUH FRQVLVWHQW ZLWK WKH K\SRWKHVLV WKDW UHZDUGSUHGLFWLRQ HUURUV DUH FRPSXWHG LQ WKH FRUWLFREDVDO
JDQJOLD ORRS FLUFXLWV
:H DOVR DVNHG ZKHWKHU VWULDWDO DFWLYDWLRQ LQYROYHG LQ WKH FRQWURO RI WKH PRYHPHQWV WKHPVHOYHV
ZHUH ORFDWHG LQ WKH VDPH SDUWV RI WKH VWULDWXP WKDW FRPSXWHG UHZDUGSUHGLFWLRQ HUURUV 7R REWDLQ D
PDS RI PRYHPHQW ZLWKRXW WKH LQIOXHQFH RI UHLQIRUFHPHQW ZH SHUIRUPHG D VHFRQG GHFRQYROXWLRQ
DQDO\VLV LQYROYLQJ RQO\ WKH &21752/ WULDOV GXULQJ ZKLFK QR UHZDUG IHHGEDFN ZDV JLYHQ WR WKH
SDUWLFLSDQWV 7KH WYDOXHV DVVRFLDWHG ZLWK WKH SHDN YR[HO LQWHQVLWLHV RI WKH 52,V DUH DOVR LQFOXGHG LQ
WKH WDEOH )LJXUH  DV ³PRYHPHQWUHODWHG DFWLYLW\´ DQG WKH 52,V WKHPVHOYHV DUH VKRZQ YLVXDOO\

LQ )LJXUH  SDJH 
$V FDQ EH VHHQ WKH UHVXOWV DUH JHQHUDOO\ FRQVLVWHQW ZLWK WKLV K\SRWKHVLV 7KH VWULDWDO UHJLRQV
FRUUHODWLQJ ZLWK KDQG PRYHPHQWV LH WKH OHIW SXWDPHQ ZHUH LQYROYHG LQ WKH UHLQIRUFHPHQW RI
KDQG PRYHPHQWV FRPSDUH )LJXUHV  3DQHOV $ 	 % 7KH VWULDWDO UHJLRQV FRUUHODWLQJ ZLWK
H\HPRYHPHQWV LH WKH DQWHULRU FDXGDWH DOVR DUH LQYROYHG LQ WKH UHLQIRUFHPHQW RI H\H PRYHPHQWV
DOWKRXJK WKH GRUVDO FDXGDWH ZDV QRW DFWLYH DERYH WKUHVKROG IRU VDFFDGLF H\H PRYHPHQWV FRPSDUH
)LJXUHV  3DQHOV &	' 6WULDWDO UHJLRQV FRUUHODWLQJZLWK FRYHUW DWWHQWLRQ VKLIWV HJ DQWHULRU
FDXGDWH RYHUODSSHGZLWK WKH UHJLRQV LQYROYHG LQ WKH UHLQIRUFHPHQW RI DWWHQWLRQ VKLIWV HJ FRPSDUH
)LJXUHV  3DQHOV ( 	 )
'HOHJDWLRQ RI &RQWURO 'HFUHDVHG ,QYROYHPHQW RI WKH 3)&:H K\SRWKHVL]HG WKDW DOWKRXJK
WKH FRQWURO RI SDUWLFXODU DFWLRQV PLJKW LQLWLDOO\ EH HIIRUWIXO DQG YROXQWDU\ UHZDUGLQJ WKRVH DFWLRQV
ZRXOG DOORZ WKHP WR VKLIW LQWR D PRUH DXWRPDWLF PRGH RI FRQWURO WKDW ZRXOG QR ORQJHU UHTXLUH WKH
SUHIURQWDO FRUWH[ 7KXV WKH SUHIURQWDO FRUWH[ LV K\SRWKHVL]HG WR EH VLJQLILFDQWO\ PRUH DFWLYH ZKHQ
UHZDUG OHDUQLQJ KDV VWDUWHG FRPSDUHG WR DIWHU LW LV ZHOO XQGHUZD\ 7KLV K\SRWKHVLV LV LQ OLQH ZLWK RXU
SURSRVHG IUDPHZRUN ZKLFK VXJJHVWV WKDW ZLWK VXIILFLHQW UHLQIRUFHPHQW WKH FRQWURO RI DFWLRQV FDQ
EHHQ GHOHJDWHG WR FRUWLFRVWULDWDO ORRSV WKDW DUH DEOH WR SHUIRUP WKHVH DFWLRQV LQGHSHQGHQWO\ IURP
SUHIURQWDO FRQWURO 7R WHVW WKLV LGHD ZH H[DPLQHG ZKROH EUDLQ DFWLYLW\ IRU UHJLRQV WKDW H[KLELWHG
VXFK D WHPSRUDO SURILOH 7KH GDWD LQ HDFK /($51 UXQ ZDV GHWUHQGHG E\ UHPRYLQJ D VL[WKRUGHU
OLQHDU OHDVW VTXDUHVILW SRO\QRPLDO RQ D YR[HOZLVH EDVLV XVLQJ $)1,¶V G'HWUHQG DQG WKHQPHDQV
ZHUH FRPSXWHG IRU HDFK TXDUWHU LQWR WKH UXQ ILUVW VHFRQG WKLUG DQG IRXUWK 7KHVH PHDQV ZHUH
VXEMHFWHG WR D RQHIDFWRU EHWZHHQUXQV YR[HOZLVH $129$ ZLWK WKH TXDUWHU LH WLPH LQWR WKH
UXQ DV WKH IDFWRU DFWLRQ W\SH ZDV FRQVLGHUHG WR EH D UDQGRP HIIHFW 7KH ODUJHVW DQG PRVW VLJQLI
LFDQW UHJLRQ LQ WKH UHVXOWLQJ VWDWLVWLFDO PDS ZDV ORFDWHG LQ WKH SUHIURQWDO FRUWH[ 0LGGOH )URQWDO
*\UXV  %URGPDQQ DUHD  SHDN FRRUGLQDWHV [ PP \ PP ] PP S   FRUUHFWHG
IRU PXOWLSOH FRPSDULVRQV VKRZQ LQ )LJXUH  SDJH  7KLV UHVXOW VXJJHVWV WKDW WKH SUHIURQWDO
FRUWH[ FHDVHV WR EH LQYROYHG LQ WKH FRQWURO RI DFWLRQV RQFH WKH\ KDYH EHHQ VXIILFLHQWO\ UHLQIRUFHG
3DLUZLVH SRVWKRF WWHVWV VKRZHG WKDW WKH SHDN RI WKLV FOXVWHU ZDV PRUH DFWLYH GXULQJ WKH ILUVW DQG
WKLUG TXDUWHUV LH ZKHQ D QHZ UDQGRP PDSSLQJ EHWZHHQ FRORUV DQG GLUHFWLRQV ZDV LQWURGXFHG
FRPSDUHG WR WKH VHFRQG DQG IRXUWK TXDUWHUV ILUVW YHUVXV VHFRQG W   S   WKLUG YHUVXV

IRXUWK W   S   7KLV UHVXOW VXJJHVWV WKDW WKH FKDQJH LQ DFWLRQRXWFRPH PDSSLQJ
WKDW RFFXUUHG KDOIZD\ WKURXJK HDFK /($51 UXQ UHHQJDJHV WKH SUHIURQWDO FRUWH[ VLPXOWDQHRXVO\
ZLWK WKH EDVDO JDQJOLD
 *(1(5$/ ',6&866,21
7KLV WKHVLV SUHVHQWHG EHKDYLRUDO I05, DQG FRPSXWDWLRQDO HYLGHQFH LQ VXSSRUW RI WKH LGHD WKDW D
JOREDO UHLQIRUFHPHQW VLJQDO DV LV K\SRWKHVL]HG WR EH PHGLDWHG E\ SKDVLF GRSDPLQH FRPELQHG
ZLWK D SDUWLFXODU SDWWHUQ RI FRQQHFWLYLW\ WKH FRUWLFREDVDO JDQJOLD ORRS DOORZV WKH EUDLQ WR OHDUQ
WR FRQWURO LWV RZQ DFWLRQV DQG WKHUHE\ JHQHUDWH DGDSWLYH EHKDYLRUV LQ VSLWH RI LWV YHU\ OLPLWHG FRQ
QHFWLYLW\ ,PSRUWDQWO\ WKHVH EHKDYLRUV FDQ FRQVLVW RI SK\VLFDO DFWLRQV LH LQYROYLQJ PXVFOH HI
IHFWRUV VXFK DV KDQG PRYHPHQWV DQGRU FRJQLWLYH ³DFWLRQV´ LH ZLWK QR PRWRU FRPSRQHQW VXFK
DV FRYHUW VKLIWV RI YLVXDO DWWHQWLRQ 0RUH VSHFLILFDOO\ WKH EHKDYLRUDO H[SHULPHQWV GHPRQVWUDWHG
WKDW DOO WKUHH W\SHV RI DFWLRQ FRXOG EH OHDUQHG WKURXJK UHLQIRUFHPHQW DW VLPLODU OHDUQLQJ UDWHV DQG
WR VLPLODU DV\PSWRWLF OHYHOV RI SHUIRUPDQFH 7KH SUHVHQW I05, H[SHULPHQW LV WKH ILUVW LQVWDQFH WR
VKRZ WKDW UHZDUGSUHGLFWLRQ HUURUV DUH FRPSXWHG LQ VHSDUDWH UHJLRQV RI WKH VWULDWXP IRU GLIIHUHQW
W\SHV RI DFWLRQV )XUWKHUPRUH LW VKRZHG WKHVH FRPSXWDWLRQV RFFXU LQ UHJLRQV WKDW FRUUHVSRQG WR
DQDWRPLFDO DQG IXQFWLRQDO LQSXWV LQWR FRUWLFREDVDO JDQJOLD ORRSV SUHYLRXVO\ NQRZQ WR EH LQYROYHG
LQ WKH FRQWURO RI WKRVH DFWLRQV 6SHFLILFDOO\ PHWDEROLF DFWLYLW\ UHODWHG WR WKH UHLQIRUFHPHQW RI KDQG
PRYHPHQWV ZDV ORFDOL]HG WR WKH SXWDPHQ DFWLYLW\ UHODWHG WR WKH UHLQIRUFHPHQW RI H\H PRYHPHQWV
ZDV ORFDOL]HG WR WKH GRUVDO DQG DQWHULRU FDXGDWH DQG DFWLYLW\ UHODWHG WR WKH UHLQIRUFHPHQW RI FRYHUW
DWWHQWLRQ VKLIWV ZDV ORFDOL]HG WR WKH DQWHULRU FDXGDWH
2QH SDUWLFXODUO\ LQWHUHVWLQJ DQG VRPHZKDW XQDQWLFLSDWHG UHVXOW ZDV WKH DFWLYDWLRQ RI WKH DQWH
ULRU FDXGDWH GXULQJ WKH UHLQIRUFHPHQW RI KDQG PRYHPHQWV 7KLV UHVXOW ZDV SDUWLFXODUO\ LQWHUHVWLQJ
EHFDXVH WKH DQWHULRU FDXGDWH ZDV QRW LQYROYHG LQ WKH FRQWURO RI KDQG PRYHPHQWV WKHPVHOYHV 2QH
H[SODQDWLRQ IRU WKLV DFWLYDWLRQ PD\ EH GXH WR WKH QDWXUH RI WKH H[SHULPHQWDO WDVN ZKHQ SDUWLFLSDQWV
SHUIRUPHG KDQG PRYHPHQWV WKHUH ZDV VFUROOLQJ RI WKH VWLPXOXV RQ WKH VFUHHQ ZKLOH SDUWLFLSDQWV
KDG WR PDLQWDLQ DWWHQWLRQ DQG IL[DWLRQ LQ WKH FHQWHU RI WKH VFUHHQ &RQVHTXHQWO\ RQ WULDOV ZKHQ
KDQG PRYHPHQWV ZHUH UHLQIRUFHG SDUWLFLSDQWV PXVW KDYH VXFFHHGHG LQ PDLQWDLQLQJ WKHLU DWWHQWLRQ
FHQWUDOO\ WR PDNH D FRUUHFW UHVSRQVH 7KLV H[SODQDWLRQ DOVR ILWV ZLWK WKH LGHD WKDW DWWHQWLRQ VKLIWV DUH

D SUHSRWHQW UHVSRQVH DQG WKDW WKH\ RFFXU E\ GHIDXOW 1RWH WKDW LQ WKH SUHVHQW H[SHULPHQW WKH RWKHU
WZR FRQGLWLRQV H\H PRYHPHQW DQG FRYHUW DWWHQWLRQ VKLIWV DOZD\V LQYROYHG DWWHQWLRQ VKLIWV ± XQGH
VLUHG SHUVHYHUDQFH RI DWWHQWLRQ VKLIWV IURP RQH FRQGLWLRQ WR WKH QH[W ZRXOG H[SODLQ ZK\ DWWHQWLRQ
VKLIWV ZRXOG EH SUHSRWHQW LQ WKLV SDUWLFXODU H[SHULPHQW FRQWH[W
$QRWKHU SRVVLEOH H[SODQDWLRQ IRU WKLV UHVXOW LV WKDW WKH DQWHULRU FDXGDWH LV LQYROYHG LQ PXOWLSOH
IRUPV RI DWWHQWLRQ LH QRW RQO\ LQYROYHG LQ YLVXDOVSDWLDO DWWHQWLRQ EXW DOVR HJ LQ DWWHQWLRQ WR
PRWRU SODQV DQGRU GHFLVLRQV ,QGHHG WKH FDXGDWH ORFXV RI DFWLYDWLRQ IRU UHLQIRUFHPHQW RI KDQG
PRYHPHQWV LV YHQWUDO DQG DQWHULRU LQ WKH KHDG RI WKH FDXGDWH ZKHUHDV WKH ORFL RI DFWLYDWLRQV IRU WKH
UHLQIRUFHPHQW RI ERWK H\H PRYHPHQW DQG FRYHUW DWWHQWLRQ VKLIWV LV PRVW SRVWHULRU ZLWKLQ WKH FDXGDWH
KHDG +RZHYHU WKLV FRQFOXVLRQ LV QRW GLUHFWO\ VXSSRUWHG E\ WKH GDWD EHFDXVH DV MXVW PHQWLRQHG
KDQG PRYHPHQWV WKHPVHOYHV GR QRW LQYROYH WKH DQWHULRU FDXGDWH GXULQJ WKHLU FRQWURO
,Q OLJKW RI WKHVH UHVXOWV ZH SURSRVHG WKDW WKH EUDLQ VROYHV WKH SUREOHP RI FRQWUROOLQJ LWVHOI LQ
VSLWH RI YHU\ OLPLWHG FRQQHFWLYLW\ E\ XVLQJ D JOREDO UHLQIRUFHPHQW VLJQDO LH WKH UHZDUGSUHGLFWLRQ
HUURU WUDQVPLWWHG E\ GRSDPLQH $ GLDJUDP LOOXVWUDWLQJ WKH IUDPHZRUN LV VKRZQ LQ )LJXUH 
SDJH  $W WKLV SRLQW LW LV LPSRUWDQW WR EH FOHDU RQ ZK\ WKH EDVDO JDQJOLD DUH UHTXLUHG IRU WKH
SUHVHQW WDVN SUHVXPDEO\ IRU H[DPSOH WKH FRUWLFRFRUWLFDO SURMHFWLRQV IURP VHQVRU\ DUHDV WKDW
GHWHFW ³UHG ER[HV´ KDYH YHU\ VSDUVH DQG ZHDN FRQQHFWLRQV WR WKH PRWRU DUHDV WKDW IRU H[DPSOH
JHQHUDWH KDQG PRYHPHQWV LQ YDULRXV GLUHFWLRQV (DUO\ LQ OHDUQLQJ WKH SUHIURQWDO FRUWH[ LV OLNHO\
LQYROYHG LQ JHQHUDWLQJ D SDWWHUQ RI DFWLYDWLRQ WR VHOHFW YDULRXV KDQG PRYHPHQWV +RZHYHU DV SDU
WLFXODU KDQG PRYHPHQWV DUH UHZDUGHG WKH FRUWLFRVWULDWDO SURMHFWLRQV WKDW KDSSHQ WR EH DFWLYH DUH
UHLQIRUFHG 7KXV WKH GRSDPLQH VLJQDO LV K\SRWKHVL]HG WR KDYH ORFDO HIIHFWV DW WKH OHYHO RI FRUWLFR
VWULDWDO LQSXWV WR WKH EDVDO JDQJOLD ORRSV WR DGMXVW WKH OLNHOLKRRG RI SHUIRUPLQJ SDUWLFXODU DFWLRQV LQ
WKH IXWXUH 3KDVLF GRSDPLQH WKHUHIRUH SOD\V WKH UROH RI D FRQGXFWRU WKDW SURYLGHV D ORZGLPHQVLRQDO
VLJQDO WR DOO ³SOD\HUV´ LH EUDLQ UHJLRQV LQYROYHG LQ SHUIRUPLQJ WKH EHKDYLRUV %\ EURDGFDVWLQJ
D SRVLWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDO WKH FRQGXFWRU FDQ HQFRXUDJH SOD\HUV WR SHUIRUP WKH VDPH
EHKDYLRUV LQ WKH VDPH FRQWH[W LQ WKH IXWXUH JLYHQ WKHLU LPPHGLDWH HQYLURQPHQW 7KH EDVDO JDQJOLD
ORRSV WKXV VHUYH DV D PHFKDQLVP WKURXJK ZKLFK SDUWLFXODU ³SOD\HUV´ FDQ LQWHJUDWH UHLQIRUFHPHQW
IURP WKH FRQGXFWRU LQWR WKHLU LQGLYLGXDO SHUIRUPDQFH
$V PHQWLRQHG HDUOLHU LW LV DOVR WKH FDVH WKDW GRSDPLQH KDV HIIHFWV RQ FRUWLFRVWULDWDO SURMHFWLRQV

LQ UHDOWLPH %DPIRUG HW DO  7KXV LQ DGGLWLRQ WR LWV HIIHFWV YLD SODVWLFLW\ GRSDPLQH PD\ DOVR
VHUYH DV D ³FRQGXFWRU´ LQ D YHU\ UHDO VHQVH EHFDXVH LW FDQ DFW WKURXJK ' UHFHSWRUV RQ FRUWLFR
VWULDWDO SURMHFWLRQV WR LQKLELW WKH OHDVW DFWLYH V\QDSWLF WHUPLQDOV ZKLOH SUHVXPDEO\ LQFUHDVLQJ WKH
DFWLYLW\ RI WKH SUHYLRXVO\ UHLQIRUFHG QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQ
5HLQIRUFHPHQW /HDUQLQJ 7KHRULHV DQG %DVDO *DQJOLD )XQFWLRQ 7KH IUDPHZRUN SURSRVHG
LQ WKLV SDSHU LV VLPLODU WR SURSRVDOV E\ 6FKXOW]  VHH )LJ  +RXN HW DO  DQG RWKHU
FRQWHPSRUDULHV WKDW GHVFULEHG KRZ WKH FRQMXQFWLRQ RI FRUWLFRVWULDWDO DQG QLJURVWULDWDO LQSXWV DW
WKH OHYHO RI WKH VWULDWXP FRXOG DOORZ VWLPXOL DQG E\ H[WHQVLRQ LQ WKH FXUUHQW GLVVHUWDWLRQ DFWLRQ
UHSUHVHQWDWLRQV WR DFTXLUH GRSDPLQH UHVSRQVHV 7KHVH SURSRVDOV DUH WKHRUHWLFDOO\ LPSRUWDQW LQ WKDW
WKH OLQN UHZDUGSUHGLFWLRQ HUURUV WR WKH SKDVLF DFWLYLW\ RI GRSDPLQH QHXURQV $FFRUGLQJ WR 6FKXOW]
WKH FRUWLFRVWULDWDO V\QDSVHV WKDW UHSUHVHQWHG VWLPXOL WKDW SUHFHGHG UHZDUG FDQ EH SRWHQWLDWHG RU
GHSRWHQWLDWHG EDVHG RQ SRVLWLYH DQG QHJDWLYH SKDVLF FKDQJHV LQ GRSDPLQH UHVSHFWLYHO\ +RZHYHU
6FKXOW] QRWHG WZR DSSDUHQW OLPLWDWLRQV RI DQ DSSDUHQWO\ JOREDO UHZDUG VLJQDO HJ OLNH GRSDPLQH
IRU H[SODLQLQJ 5/ 7KH ILUVW OLPLWDWLRQ ZDV WKDW GRSDPLQH UHVSRQVHV ³GR QRW H[SOLFLWO\ FRGH UHZDUGV
DV JRDO REMHFWV DV WKH\ RQO\ UHSRUW HUURUV LQ UHZDUG SUHGLFWLRQ´ 7KH VHFRQG OLPLWDWLRQ ZDV WKH IDFW
WKDW WKH GRSDPLQH VLJQDO ³ODFN>V@ FOHDU UHODWLRQVKLSV WR DUP DQG H\H PRYHPHQWV >DQG WKLV ZRXOG@
GLVIDYRU >LWV@ UROH LQ GLUHFWO\ PHGLDWLQJ WKH EHKDYLRUDO UHVSRQVHV WKDW IROORZ LQFHQWLYH VWLPXOL´
+RZHYHU RXU ILQGLQJ WKDW UHZDUGSUHGLFWLRQ HUURUV IRU DFWLRQV DUH FRPSXWHG LQ VWULDWDO UHJLRQV WKDW
DUH RWKHUZLVH LQYROYHG LQ WKH FRQWURO RI WKRVH DFWLRQV VXJJHVWV WKDW 6FKXOW]¶ RULJLQDO LGHD PLJKW
LQGHHG FRPH LQWR SOD\ IRU QHRFRUWLFDO UHSUHVHQWDWLRQV RI DFWLRQ 7KDW LV RXU UHVXOWV VXSSRUW WKH
FRQFOXVLRQ WKDW GRSDPLQH DOVR LQIOXHQFHV WKH V\QDSVHV UHFHLYLQJ FRUWLFDO LQSXW IURP PRWRU DQG
FRJQLWLYH FRQWURO DUHDV :LWK WKLV DGGLWLRQ WR 6FKXOW]¶ RULJLQDO SURSRVDO WKH IXQFWLRQ RI FRUWLFR
VWULDWDO SURMHFWLRQV RI DFWLRQ UHSUHVHQWDWLRQV PD\ VHUYH D GXDO SXUSRVH ILUVW WR SURYLGH LQSXW WR D
FLUFXLW WKDW UHFXUUHQWO\ DPSOLILHV WKH VHOHFWLRQ RI DFWLRQV WKDW KDYH SUHYLRXVO\ OHG WR UHZDUG DQG
VHFRQG WR LQKLELW WKH UHOHDVH RI GRSDPLQH LQ DFFRUGDQFH ZLWK WKH DPRXQW RI H[SHFWHG UHZDUG
7KH DFWLRQVSHFLILFLW\ RI UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV KDV LPSRUWDQW LPSOLFDWLRQV IRU
OHDUQLQJ WKHRULHV EDVHG RQ WKH 5HVFRUOD:DJQHU OHDUQLQJ UXOH 5HVFRUOD DQG :DJQHU  LQFOXG
LQJ 5/ VXJJHVWLQJ D PRGLILFDWLRQ ZKLFK DOORZV LW QRW RQO\ WR EHWWHU H[SODLQ WKH SUHVHQW UHVXOWV
EXW DOVR WR DFFRXQW IRU SKHQRPHQD VXFK DV GRZQVKLIWLQJ GXULQJ XQEORFNLQJ HJ +ROODQG 

7KH IDFW WKDW SUHGLFWLRQ HUURUV DUH FRPSXWHG VHSDUDWHO\ IRU HDFK DFWLRQ VXJJHVWV WKDW OHDUQLQJ LV
QRW EDVHG RQ WKH GLIIHUHQFH EHWZHHQ WKH JOREDO SUHGLFWHG UHZDUG DQG WKH REWDLQHG UHZDUG ,QVWHDG
WKH UHVXOWV VXJJHVW WKDW OHDUQLQJ LV EDVHG RQ WKH GLIIHUHQFH EHWZHHQ UHZDUG SUHGLFWLRQV IRU VSHFLILF
DFWLRQV DQG WKH REWDLQHG UHZDUG 7KLV PRYH IURP JOREDO UHZDUGSUHGLFWLRQ HUURU WR ORFDO UHZDUG
SUHGLFWLRQ HUURU FDQ EH LPSOHPHQWHG DV D VLPSOH H[WHQVLRQ WR WKH VWDQGDUG 5HVFRUOD:DJQHU UXOH ,Q
WKLV H[WHQVLRQ DOWKRXJK D JOREDO UHZDUGSUHGLFWLRQ HUURU LV VWLOO SUHVHQW VHSDUDWH UHZDUG SUHGLFWLRQV
DUH JHQHUDWHG IRU HDFK VWLPXOXV DQGRU DFWLRQ (DFK RI WKHVH DFWLRQVSHFLILF UHZDUG SUHGLFWLRQV LV
XSGDWHG GHSHQGLQJ RQ WKH GLIIHUHQFH EHWZHHQ LW DQG WKH JOREDO UHZDUG $V LOOXVWUDWHG LQ DQ H[DPSOH
EHORZ WKLV DFFRXQWV IRU KRZ SUHYLRXVO\ XQFRQGLWLRQHG VWLPXOL GR QRW REWDLQ DYHUVLYH YDOXHV GXULQJ
GRZQVKLIWLQJ
6FKXOW]  DOVR SRLQWV RXW WKDW GRSDPLQH QHXURQV WUDQVPLW VLJQDOV RWKHU WKDQ UHZDUGSUHGLFWLRQ
HUURU VXFK DV QRYHOW\ DQG VDOLHQF\ VLJQDOV 7KH LQWHUPL[LQJ RI WKHVH VLJQDOV FRXOG EH SUREOHPDWLF
IRU WHPSRUDOGLIIHUHQFH OHDUQLQJ SHUIRUPHG XVLQJ WKDW VLJQDO DV D UHZDUGSUHGLFWLRQ HUURU VLJQDO
.DNDGH DQG 'D\DQ  +RZHYHU LI WKH GRSDPLQH QHXURQV DUH LQYROYHG LQ 5/ LH WKH FRQ
WURO RI DFWLRQ WKURXJK UHLQIRUFHPHQW LW FDQ EH VKRZQ WKDW QRYHOW\ DQG VDOLHQF\ UHVSRQVHV RI WKH
GRSDPLQH QHXURQV GR QRW FRQIOLFW ZLWK UHZDUGSUHGLFWLRQ HUURU VLJQDOV DQG PD\ HYHQ HPHUJH IURP
WKHP /DXUHQW  VHH DOVR &KDSWHU  SDJH 
7KH I05, UHVXOWV LQ WKLV SDSHU FDQ EH GLUHFWO\ FRPSDUHG ZLWK RWKHU VLPLODU VWXGLHV LQYROYLQJ
UHZDUGSUHGLFWLRQ HUURU LQ WKH EDVDO JDQJOLD .H\ VWXGLHV LQFOXGH WKRVH E\ 2¶'RKHUW\ HW DO 
0F&OXUH HW DO  7DQDND HW DO  DQG +DUXQR DQG .DZDWR  7KHVH VWXGLHV SURYLGH
VRPH RI WKH HDUOLHVW HYLGHQFH RI %2/' VLJQDOV LQ WKH VWULDWXP WKDW ZHUH TXDOLWDWLYHO\ DQG TXDQWL
WDWLYHO\ UHODWHG WR UHZDUGSUHGLFWLRQ HUURU +RZHYHU LQ WKRVH VWXGLHV D SX]]OLQJ UHVXOW LV WKDW WKH
%2/' VLJQDOV ZHUH RIWHQ ORFDOL]HG WR GLVWLQFW UHJLRQV ZLWKLQ WKH VWULDWXP HJ LQ VSHFLILF SDUWV RI
WKH FDXGDWH RU SXWDPHQ ,Q DQ HDUO\ LQVWUXPHQWDO FRQGLWLRQLQJ WDVN 3DJQRQL HW DO  IRXQG
DFWLYDWLRQ FRUUHODWLQJ ZLWK UHZDUGSUHGLFWLRQ HUURU LQ WKH YHQWUDO VWULDWXP QXFOHXV DFFXPEHQV ,Q
D 3DYORYLDQ WDVN 0F&OXUH HW DO  IRXQG DFWLYLW\ LQ GRUVDO VWULDWXP ,QWHUHVWLQJO\ 2¶'RKHUW\
HW DO  DOVR IRXQG VWULDWDO DFWLYLW\ LQ D 3DYORYLDQ FRQGLWLRQLQJ WDVN EXW WKDW DFWLYLW\ ZDV LQ WKH
YHQWUDO VWULDWXP 8QIRUWXQDWHO\ WKHVH UHVHDUFKHUV GLG QRW LQFOXGH D PDQLSXODWLRQ LQ WKHLU VWXG\ WR
GHWHUPLQH ZK\ SDUWLFXODU UHJLRQV RI WKH VWULDWXP ZRXOG H[KLELW D %2/' UHVSRQVH FRUUHODWLQJ ZLWK

UHZDUGSUHGLFWLRQ HUURU D TXHVWLRQ WKDW LV HVSHFLDOO\ VDOLHQW LQ YLHZ RI WKH IDFW WKDW GRSDPLQH QHX
URQV FDUU\LQJ UHZDUGSUHGLFWLRQ HUURU SURMHFW WR WKH HQWLUH VWULDWXP 7KH UHVXOWV IURP WKH SUHVHQW
VWXG\ VXJJHVW WKDW WKH ORFDOL]DWLRQ RI WKH VWULDWDO DFWLYDWLRQ PD\ UHODWH WR WKH WDVN WKDW ZDV EHLQJ
SHUIRUPHG $OWKRXJK LQ WKH FDVH RI 3DYORYLDQ FRQGLWLRQLQJ LW LV XQFOHDU ZKDW ³DFWLRQ´ ZDV EHLQJ
SHUIRUPHG +RZHYHU VLQFH LW LV FOHDU WKDW QRQPRWRULF ³DFWLRQV´ LH FRYHUW DWWHQWLRQ VKLIWV FDQ EH
UHLQIRUFHG SHUKDSV WKH QRWLRQ RI D FRJQLWLYH DFWLRQ FRXOG EH H[WHQGHG WR LQFOXGH WKH DFW RI H[SOLF
LWO\ DVVLJQLQJ YDOXHV WR VSHFLILF VWLPXOL HJ ZKRVH UHSUHVHQWDWLRQV PD\ EH LQ ZRUNLQJ PHPRU\
*LYHQ WKDW DQWHULRU VWULDWXP LV NQRZQ WR EH LQYROYHG LQ DWWHQWLRQ SHUKDSV 0F&OXUH¶V UHVXOWV FRXOG
EH H[SODLQHG LQ WHUPV RI DWWHQWLRQ VKLIWV LQ ZRUNLQJ PHPRU\
&RJQLWLYH &RQWURO 7KHRULHV 7KH SURSRVHG WKHRUHWLFDO IUDPHZRUN FDQ EH FRQVLGHUHG D FODVV
RI FRJQLWLYH FRQWURO WKHRU\ EHFDXVH LW VXJJHVWV KRZ WKH EUDLQ PD\ DFKLHYH WKH VHOHFWLRQ DQG FRQWURO
RI SHUFHSWXDO LQSXW LQWHUQDO FRJQLWLYH DFWLRQV DQG PRWRU RXWSXW 7KHUH DUH D QXPEHU RI RWKHU VXFK
WKHRULHV WKDW H[SODLQ KRZ WKH EUDLQ JHQHUDWHV EHKDYLRUV :H ZLOO EULHIO\ UHYLHZ VRPH RI WKHVH DQG
FRPSDUH WKHP WR WKH FXUUHQW SURSRVDO
0LQVN\¶V 6RFLHW\ RI 0LQG WKHRU\ LV D WKHRU\ RI KXPDQ FRJQLWLRQ WKDW SURSRVHV WKDW WKH PLQG LV
FRPSRVHG RI LQGHSHQGHQWO\ DFWLQJ DJHQWV WKDW LQWHUDFW 0LQVN\  7KH WKHRU\ SRVLWV D QXPEHU
RI EDVLF FRJQLWLYH RSHUDWLRQV WKDW FDQ EH FRQWUROOHG E\ HDFK RI WKHVH LQGHSHQGHQW DJHQWV DV ZHOO
DV PHWKRGV IRU WKH DJHQWV WR LQWHUFRPPXQLFDWH 7KHUH DUH DOVR VXJJHVWHG PHFKDQLVPV IRU KRZ
WKHVH DJHQWV FDQ FRPSRVH WKHLU EHKDYLRUV HJ KLHUDUFKLFDOO\ LQWR PRUH FRPSOH[ EHKDYLRUV DQG
FRPPXQLFDWH DPRQJVW WKHPVHOYHV WR FRRUGLQDWH WKHLU EHKDYLRUV +RZHYHU WKHUH ZDV QR DWWHPSW RQ
WKH SDUW RI 0LQVN\ WR PDS WKH YDULRXV DVSHFWV RI WKH 6RFLHW\ RI 0LQG RQWR VSHFLILF EUDLQ VWUXFWXUHV
7KH 6RFLHW\ RI 0LQG WKHRU\ LV VLPLODU LQ VSLULW WR WKH WKHRUHWLFDO IUDPHZRUN SURSRVHG LQ WKLV
WKHVLV WKH PDLQ VLPLODULW\ EHLQJ LQ FODLPLQJ WKH H[LVWHQFH RI PXOWLSOH GLVWLQFW ³DJHQWV´ LH QHRFRU
WLFDO UHJLRQV WKDW FDQ EH UHFXUUHQWO\ H[FLWHG YLD D FRUWLFREDVDO JDQJOLD ORRS :H KDYH FRQQHFWHG
RXU IUDPHZRUN PRUH GLUHFWO\ ZLWK H[LVWLQJ LGHDV LQ 5/ DQG KDYH DOVR PDGH VSHFLILF FODLPV DERXW
ZKDW EUDLQ VWUXFWXUHV DUH LQYROYHG 2XU SURSRVDO LV DJQRVWLF DV WR WKH YDULRXV W\SHV RI FRJQLWLYH
RSHUDWLRQV WKDW FDQ EH FRQWUROOHG E\ WKH YDULRXV ³DJHQWV´ DQG MXVW VWDWHV WKDW WKH EDVDO JDQJOLD FDQ
DSSO\ WKH SURSRVHG 5/ PHFKDQLVP WR DQ\ DFWLRQ WKDW FDQ EH UHSUHVHQWHG LQ QHRFRUWH[ $QRWKHU
GLIIHUHQFH EHWZHHQ WKH FXUUHQW SURSRVDO DQG WKH 6RFLHW\ RI 0LQG WKHRU\ LV WKDW ZH GR QRW UHTXLUH

FRPPXQLFDWLRQ EHWZHHQ WKH YDULRXV ³DJHQWV´ WR REWDLQ WKHLU DSSDUHQW FRRUGLQDWLRQ DOWKRXJK ZH
GR QRW GHQ\ WKDW VXFK FRPPXQLFDWLRQ LV XOWLPDWHO\ SRVVLEOH ,Q SDUWLFXODU DIWHU ODUJH QXPEHUV RI
WULDOV LH PXFK ODUJHU WKDQ WKH QXPEHU RI WULDOV LQ WKH SUHVHQWHG H[SHULPHQWV LW LV OLNHO\ WKDW GLUHFW
FRUWLFRFRUWLFDO V\QDSVHV FRXOG SRWHQWLDWH VXIILFLHQWO\ VR DV QRW WR UHTXLUH UHFXUUHQW EDVDO JDQJOLD
DPSOLILFDWLRQ IRU WKH SRVWV\QDSWLF DFWLRQV WR FRQWLQXH WR RFFXU +RZHYHU WKH EDVDO JDQJOLD ZRXOG
OLNHO\ EH LQYROYHG DJDLQ LQ DQ\ VZLWFK IURP WKDW PRUH ³DXWRPDWHG´ FRUWLFRFRUWLFDO EHKDYLRU
$QRWKHU FODVV RI FRJQLWLYH FRQWURO WKHRU\ IRFXVHV VSHFLILFDOO\ RQ WKH UROH RI QHRFRUWH[ SDU
WLFXODUO\ RQ WKH SUHIURQWDO FRUWH[ DV SDUW RI D FRJQLWLYH FRQWURO QHWZRUN HJ +D]\ HW DO 
2¶5HLOO\ DQG )UDQN  ,Q WKHVH WKHRULHV WKH SUHIURQWDO FRUWH[ LV K\SRWKHVL]HG WR PDLQWDLQ JRDO
DQG VWDWH LQIRUPDWLRQ LQ ZRUNLQJ PHPRU\ GXULQJ D WDVN HJ )XQDKDVKL HW DO  EXW LV DOVR
WKRXJKW WR EH LQYROYHG LQ WKH VHOHFWLRQ DQG FRQWURO RI DFWLRQV +RZHYHU ZH ODFN D FOHDU H[SODQDWLRQ
IRU KRZ WKH SUHIURQWDO FRUWH[ LV DEOH WR DFKLHYH WKH VHOHFWLRQ RI VSHFLILF DFWLRQV 7KH UHOHJDWLRQ RI
DFWLRQ VHOHFWLRQ WR SUHIURQWDO FRUWH[ KDV EHHQ WHUPHG WKH KRPXQFXOXV RU D ³OLWWOH PDQ´ SUREOHP
7KH EDVDO JDQJOLD PHFKDQLVP ZH SURSRVH LV D VROXWLRQ WR WKH KRPXQFXOXV SUREOHP EHFDXVH LW GRHV
QRW UHTXLUH WKDW WKH SUHIURQWDO FRUWH[ EH LQYROYHG LQ WKH GLUHFW FRQWURO RI PRWRU DQG FRJQLWLYH DFWLRQV
RFFXUULQJ LQ RWKHU UHJLRQV RI QHRFRUWH[ 7KLV LV EHFDXVH DFFRUGLQJ WR WKH IUDPHZRUN WKH FRQWURO RI
WKRVH DFWLRQV LV GHOHJDWHG WR UHJLRQV RI FRUWH[ WKDW KDYH ORFDO FRQWURO RI WKH DFWLRQV 7KHVH UHJLRQV
DUH WKHQ DEOH WR DFW LQGHSHQGHQWO\ XVLQJ ORFDOO\ DYDLODEOH LQIRUPDWLRQ LQ RUGHU WR PD[LPL]H RYHUDOO
UHZDUG IRU WKH RUJDQLVP
7KLV SURSRVDO WKHUHIRUH UDLVHV LQWHUHVWLQJ TXHVWLRQV ZLWK UHJDUGV WR KRZ SUHIURQWDO FRUWH[ FRXOG
H[HUW GLUHFW FRQWURO RYHU DFWLRQV LQ SDUWLFXODU IRU DFWLRQV FRQWUROOHG E\ UHJLRQV RI QHRFRUWH[ WRZKLFK
WKH SUHIURQWDO FRUWH[ GRHV QRW KDYH SDUWLFXODUO\ GHQVH SURMHFWLRQV $OWKRXJK LW LV FOHDU WKDW WKH SUH
IURQWDO FRUWH[ LV DEOH WR FRQWURO GRSDPLQH LQSXWV WR LWVHOI &DUU DQG 6HVDFN  LW LV SRVVLEOH
WKDW WKH SUHIURQWDO FRUWH[ LV DOVR DEOH WR FRQWURO GRSDPLQH UHOHDVH LQ WKH VWULDWXP )RU H[DPSOH WKH
VWULDWXP KDV LQKLELWRU\ SURMHFWLRQV WR LWV RZQ VRXUFH RI GRSDPLQH LQQHUYDWLRQ WKH VXEVWDQWLD QLJUD
SDUV FRPSDFWD EXW WKH SUHIURQWDO FRUWH[ WDUJHWV QHXURQV LQ WKH QHDUE\ YHQWUDO WHJPHQWDO DUHD WKDW
UHOHDVH *$%$ RQWR WKRVH LQKLELWRU\ SURMHFWLRQV 6XFK D SURMHFWLRQ ZRXOG LQ SULQFLSOH DOORZ SUH
IURQWDO FRUWH[ WR FDXVH D EDVDO JDQJOLDVSHFLILF UHOHDVH RI GRSDPLQH ZKHQ D GHVLUHG DFWLRQ RFFXUUHG
WKHUHE\ UHLQIRUFLQJ LWV RFFXUUHQFH LQ IXWXUH FRQWH[WV RI ZKLFK SUHIURQWDO FRUWLFDO DFWLYLW\ ZRXOG EH

D SDUW 7KXV E\ DFWLQJ DV D ³FRQGXFWRU´ ZLHOGLQJ D GRSDPLQH ³EDWRQ´ WKH SUHIURQWDO FRUWH[ FRXOG
WKURXJK WULDODQGHUURU JHQHUDWH SDWWHUQV RI DFWLYLW\ WKDW JLYH ULVH WR SDUWLFXODU GHVLUDEOH DFWLRQV RU
EHKDYLRUV HJ DPRQJ QHRFRUWLFDO EUDLQ UHJLRQV VHUYLQJ DV WKH ³SOD\HUV´ LQ DQ ³RUFKHVWUD´ ZLWKRXW
UHTXLULQJ SRZHUIXO GLUHFW FRQQHFWLRQV WR WKRVH FRUUHVSRQGLQJ QHRFRUWLFDO UHJLRQV 2U WR XVH DQ
RWKHU PHWDSKRU WKH EUDLQ FDQ EH YLHZHG DV D FRUSRUDWLRQ LQ ZKLFK D SUHIURQWDO FRUWH[ ³H[HFXWLYH´
GLVWULEXWHV ERQXVHV WR DOO HPSOR\HHV LQ RUGHU WR JHQHUDWH SROLFLHV WKDW DUH LQ OLQH ZLWK RYHUDUFKLQJ
FRUSRUDWH REMHFWLYHV \HW LUUHOHYDQW WR WKH GD\ WR GD\ DFWLYLWLHV RI LQGLYLGXDO HPSOR\HHV
$ WKLUG FODVV RI FRJQLWLYH FRQWURO WKHRU\ LV $&75 ZKLFK KDV EHHQ XVHG WR H[SODLQ EHKDY
LRU LQ D QXPEHU RI FRJQLWLYH WDVNV DQG WKH FRPSRQHQWV RI ZKLFK KDYH EHHQ UHFHQWO\ PDSSHG WR
VSHFLILF EUDLQ VWUXFWXUHV $QGHUVRQ HW DO  $&75 FRQFHSWXDOL]HV FRJQLWLYH FRQWURO DV LQWHU
DFWLRQV EHWZHHQ VHSDUDWH IXQFWLRQDOO\ VSHFLDOL]HG PRGXOHV LQ RUGHU WR PD[LPL]H WKH SUREDELOLW\ RI
FRPSOHWLQJ D JRDO )RU H[DPSOH D ³PDQXDO PRGXOH´ FRQWUROV KDQG PRYHPHQWV D ³JRDO PRGXOH´
PDLQWDLQV LQIRUPDWLRQ UHODWHG WR FXUUHQW JRDOV DQG D YLVXDO PRGXOH LGHQWLILHV REMHFWV LQ WKH ZRUOG
7KHVH PRGXOHV DUH FRQWUROOHG WKURXJK ³SURGXFWLRQ UXOHV´ ZKLFK RSHUDWH RQ DFWLYH VXEVHWV RI WKH
LQIRUPDWLRQ DYDLODEOH LQ HDFK RI WKH PRGXOHV 7KH SURGXFWLRQV WKHPVHOYHV WDNH WKH IRUP RI LIWKHQ
VWDWHPHQWV DQG DUH K\SRWKHVL]HG WR EH LPSOHPHQWHG E\ WKH EDVDO JDQJOLD WKH VWULDWXP SHUIRUPV D
SDWWHUQPDWFKLQJ RSHUDWLRQ LH WKH ³LI´ SDUW RI WKH SURGXFWLRQ DQG WKHQ WKH SDOOLGXP DQG WKDOD
PXV UHVSHFWLYHO\ SHUIRUP WKH VHOHFWLRQ DQG H[HFXWLRQ RI WKH UHVXOWLQJ DFWLRQV LH WKH ³WKHQ´ SDUW
RI WKH SURGXFWLRQ )LQDOO\ ZKHQ DFWLRQV FRRFFXU HLWKHU VLPXOWDQHRXVO\ RU LQ D VHTXHQFH ZLWK
VXIILFLHQW IUHTXHQF\ VR ORQJ DV WKH RXWFRPH RI RQH DFWLRQ GRHV QRW UHTXLUH WKH FRPSOHWLRQ RI WKH
SUHFHGLQJ DFWLRQ WKH\ FDQ EH FRPSLOHG LQWR D VLQJOH ³SURGXFWLRQ´
$OWKRXJK $&75 DQG RXU IUDPHZRUN ERWK DWWHPSW WR PDS FRJQLWLYH FRQWURO WR EUDLQ VWUXFWXUHV
LQ VLPLODU ZD\V WKHUH DUH DOVR D QXPEHU RI SRLQWV RI GLIIHUHQFH EHWZHHQ WKH DUFKLWHFWXUHV 6LPLODUO\
WR $&75 ZH SURSRVH WKDW WKH VHOHFWLRQ RI DFWLRQV DV ZHOO DV WKH FRPSHWLWLRQ EHWZHHQ DFWLRQV LQ
GLIIHUHQW QHRFRUWLFDO UHJLRQV RFFXUV ZLWKLQ WKH EDVDO JDQJOLD DOWKRXJK ZH SURSRVH WKDW WKH PHFKD
QLVP LV VLPLODU WR WKDW SURSRVHG E\ /HEORLV HW DO  +RZHYHU WKHUH DUH D QXPEHU RI LPSRUWDQW
GLIIHUHQFHV EHWZHHQ RXU IUDPHZRUN DQG $&75 %HFDXVH RXU IUDPHZRUN LV EDVHG RQ 5/ WKH VH
OHFWLRQ RI DFWLRQV LV EDVHG RQ PD[LPL]LQJ SRVLWLYH UHLQIRUFHPHQW IRU WKH RUJDQLVP UDWKHU WKDQ WKH
SUREDELOLW\ RI VXFFHVVIXOO\ FRPSOHWLQJ D JRDO 7KLV GLIIHUHQFH LV LPSRUWDQW IRU WZR UHDVRQV )LUVW

RQFH UHZDUG SUHGLFWLRQV DUH HTXDO WR WKH REWDLQHG UHZDUG OHDUQLQJ HIIHFWLYHO\ VWRSV ,Q FRQWUDVW
LQ $&75 OHDUQLQJ FRQWLQXHV EHFDXVH WKH SUREDELOLW\ RI VXFFHVV HTXDWLRQ NHHSV DFFXPXODWLQJ HY
LGHQFH LQ IDYRU RI VXFFHVVHV 7KLV OHDGV WR GLIIHUHQWLDO SUHGLFWLRQV LQ OHDUQLQJ EHKDYLRU HJ 5/
PRGHOV FDQ FKDQJH WKHLU OHDUQHG UHZDUG SUHGLFWLRQV PRUH TXLFNO\ EHFDXVH WKH\ GRQ W KDYH WR ZRUN
DJDLQVW D ODUJH DPRXQW RI DFFXPXODWHG SULRU HYLGHQFH IURP SDVW H[SHULHQFH 6HFRQG WKH QXPHUL
FDO FRPSDULVRQ EHWZHHQ REWDLQHG DQG UHFHLYHG UHZDUG LV LPSRUWDQW EHFDXVH LW FDQ OHDG WR LPSURYHG
FRRUGLQDWLRQ LQ DFWLRQV HYHQ ZKHQ D JRDO FDQ EH FRPSOHWHG VXFFHVVIXOO\ HJ WKLV FDQ OHDG WR LP
SURYHG WHPSRUDO FRRUGLQDWLRQ EHWZHHQ DFWLRQV OLNH DWWHQWLRQ VKLIWV DQG H\H PRYHPHQWV WR \LHOG
LPSURYHG SHUIRUPDQFH LQ D UHDGLQJOLNH WDVN
$&75 SURSRVHV WKDW WKH SULPDU\ UROH RI WKH VWULDWXP LV WR SHUIRUP D SDWWHUQ UHFRJQLWLRQ IXQF
WLRQ DQG WKLV GLIIHUV PDUNHGO\ IURP RXU SURSRVDO 7KH VWULDWXP LV K\SRWKHVL]HG WR DFW DV WKH
³UHZDUGZHLJKWHG´ HQWU\ WR D UHFXUUHQW IHHGEDFN V\VWHP WKDW VHOHFWV DPRQJ FRPSHWLQJ DFWLRQV LQ
QHRFRUWH[ LH ZKHUH WKH UHFXUUHQW IHHGEDFN IRU HDFK DFWLRQ LV ZHLJKWHG E\ UHZDUGSUHGLFWLRQ HUURU
KLVWRU\ $ IXUWKHU IXQFWLRQ RI WKH VWULDWXP LV WR LQKLELW GRSDPLQHUJLF DFWLYLW\ RQFH WKH FRUWLFRVWUL
DWDO SURMHFWLRQV KDYH EH WUDLQHG WR SUHGLFW WKH FRUUHFW DPRXQW RI UHLQIRUFHPHQW WKDW LV REWDLQHG
E\ SHUIRUPLQJ WKDW DFWLRQ LH LQ WKDW FRQWH[W 7KXV XQOLNH $&75 ZH SURSRVH WKDW WKH SDWWHUQ
UHFRJQLWLRQ WKDW WDNHV SODFH WR WULJJHU EHKDYLRUV RFFXUV DW WKH OHYHO RI WKH VSDUVH FRUWLFRFRUWLFDO FRQ
QHFWLRQV DQG WKDW WKH EDVDO JDQJOLD DUH LQYROYHG LQ DPSOLI\LQJ WKH HIIHFWV RI WKRVH FRUWLFRFRUWLFDO
LQSXWV VR WKDW DFWLRQ FDQ EH JHQHUDWHG
$ ILQDO GLIIHUHQFH EHWZHHQ $&75 DQG RXU IUDPHZRUN LV WKDW $&75 SURSRVHV WKDW VHTXHQFHV
RI DFWLRQV FDQ EH FRPSLOHG LQWR SURGXFWLRQV LI WKH\ RFFXU WRJHWKHU ZLWK VXIILFLHQW IUHTXHQF\ 2XU
IUDPHZRUN GRHV QRW LQFOXGH DPHFKDQLVP IRU WKLV FDSDELOLW\ DQG WKHUHIRUH FDQQRW H[SODLQ KRZ IRU
H[DPSOH WUDLQLQJ RQ RQH WDVN FDQ OHDG WR LPSURYHG SHUIRUPDQFH RQ VLPLODU WDVNV +RZHYHU DV MXVW
PHQWLRQHG WKH XVH RI VFDODU UHZDUG SUHGLFWLRQV IRU UHLQIRUFHPHQW WKDW LV EDVHG RQ SHUIRUPDQFH GRHV
DOORZ WKH FRRUGLQDWLRQ RI DFWLRQV WKDW DUH LQWHUGHSHQGHQW )RU H[DPSOH WKH VLPXODWLRQV E\ 5D\QHU
HW DO  VKRZHG KRZ WKH WLPLQJ RI VDFFDGLF H\H PRYHPHQWV EHFDPH WHPSRUDOO\ FRRUGLQDWHG
ZLWK YLVXDO DWWHQWLRQ VKLIWV WR WKH QH[W WDUJHW WR RSWLPL]H UHDGLQJ UDWH DQ LQVWDQFH RI LQWHUGHSHQGHQFH
EHWZHHQ YLVLRQ DQG DWWHQWLRQ LQ WKDW WDVN 1HYHUWKHOHVV WKH SUREOHP RI KRZ WR EHQHILW IURP WUDQVIHU
RI VWUDWHJLHV DFURVV WDVNV LV DQ XQDGGUHVVHG LVVXH LQ RXU IUDPHZRUN 2QH SRVVLELOLW\ LV WKDW WKH EUDLQ
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SRVVHVVHV DGGLWLRQDO PDFKLQHU\ SHUKDSV LQ QHRFRUWH[ DQGRU WKH FHUHEHOOXP WKDW FRQWULEXWHV WR WKH
JHQHUDOL]DWLRQ RI SDUWLFXODU FRPELQDWLRQV RI DFWLRQV WR QRYHO EXW VLPLODU SUREOHPV
&RPSXWDWLRQDO ,QVLJKWV 7KH SUHVHQW VWXG\ GHPRQVWUDWHV WKDW UHZDUGSUHGLFWLRQ HUURU FRP
SXWDWLRQV DUH ORFDOL]HG WR GLVWLQFW UHJLRQV RI WKH VWULDWXP WKDW DUH NQRZQ WR EH LQYROYHG LQ SDUWLFXODU
DQDWRPLFDO ORRSV 7KLV SLHFH RI LQIRUPDWLRQ SURYLGHV DGGLWLRQDO FRQVWUDLQWV LQ IRUPLQJ D PDSSLQJ
EHWZHHQ 5/ FRPSXWDWLRQV DQG WKH EDVDO JDQJOLD 7KDW LV EHFDXVH VLJQDWXUHV RI UHZDUGSUHGLFWLRQ
HUURU FRPSXWDWLRQV DUH VSDWLDOO\ ORFDOL]HG WR HDFK ORRS GHSHQGLQJ RQ WKH W\SH RI DFWLRQ EHLQJ UHLQ
IRUFHG LW LV UHDVRQDEOH WR FRQFOXGH WKDW WKH ORRSV WKHPVHOYHV DUH VRPHKRZ LPSRUWDQW LQ WKH UHOHYDQW
FRPSXWDWLRQV 7KLV OHDGV WR D QXPEHU RI WKHRUHWLFDO SRLQWV 7KH ILUVW LV WKDW WKH XVH RI HOLJLELOLW\
WUDFHV WR PDUN SDUWLFXODU DFWLRQV LV D OHVV WHQXRXV LGHD EHFDXVH WKRVH WUDFHV PD\ EH GLIIHUHQWLDOO\
VSDWLDOO\ ORFDOL]HG GHSHQGLQJ RQ WKH DFWLRQ WKDW MXVW RFFXUUHG /DUJH QHXUDO QHWZRUNV OLNH WKH EUDLQ
PD\ XVH WKHVH HOLJLELOLW\ WUDFHV WR PHGLDWH WKH UHLQIRUFLQJ HIIHFWV RI WKH UHZDUGSUHGLFWLRQ HUURU
RQ V\QDSWLF SODVWLFLW\ (OLJLELOLW\ WUDFH PHFKDQLVPV KDYH EHHQ VKRZQ WR EH VXIILFLHQWO\ SRZHUIXO
WR JLYH ULVH WR DFWLRQRXWFRPH OHDUQLQJ LQ D ³SODLQ YDQLOOD´ LH UDQGRPO\FRQQHFWHG QHXUDO QHW
ZRUN ,]KLNHYLFK  +RZHYHU ,]KLNHYLFK¶V QHWZRUN UHTXLUHG PDQ\ WULDOV WR OHDUQ ,W ZRXOG
EH LQWHUHVWLQJ WR LQYHVWLJDWH ZKHWKHU WKH QHXUDO DUFKLWHFWXUH VXJJHVWHG E\ WKH SDUDOOHO FRUWLFREDVDO
JDQJOLD FRQQHFWLYLW\ SDWWHUQ PLJKW DFFHOHUDWH VXFK OHDUQLQJ 2QH ZRXOG SUHGLFW WKDW EHFDXVH DFWLRQ
UHSUHVHQWDWLRQV DUH UHODWLYHO\ VHJUHJDWHG LQ WKHVH ORRSV WKH HIIHFWV RI UHLQIRUFHPHQW RQ WKH VLPX
ODWHG V\QDSVHV LQ D UHODWLYHO\ ³TXLHW´ LH ORZ EDVHOLQH DFWLYLW\ OHVV LQWHUIHUHQFH IURP RWKHU DFWLRQ
LQSXWV ZLOO DFFXPXODWH PRUH UDSLGO\ DQG WKHUHE\ LQFUHDVH WKH UDWH RI OHDUQLQJ
7KH VHFRQG QHXURFRPSXWDWLRQDO SRLQW LV WKDW HYHQ WKRXJK WKH SURSRVHG ³JOREDOO\UHLQIRUFHG
ORFDOO\FRQWUROOHG´ PHFKDQLVP LV UHODWLYHO\ VLPSOH LW LV SRZHUIXO HQRXJK WR JLYHV ULVH WR HIILFLHQW
FRQWURO RI FRPSOH[ EHKDYLRUV EHFDXVH LW FDQ UHVXOW LQ WKH FRRUGLQDWLRQ RI SHUFHSWXDO FRJQLWLYH DQG
PRWRU SURFHVVHV 2QH H[DPSOH RI WKLV FDQ EH IRXQG LQ ZRUN E\ 5HLFKOH DQG /DXUHQW  LQ
ZKLFK 5/ DJHQWV ZHUH WDVNHG ZLWK OHDUQLQJ WR FRQWURO OH[LFDO SURFHVVLQJ DWWHQWLRQ VKLIWV DQG VDF
FDGLF H\H PRYHPHQWV LQ RUGHU WR ³UHDG´ DV HIILFLHQWO\ DV SRVVLEOH LQ D VLPSOLILHG UHDGLQJOLNH WDVN
$OWKRXJK OH[LFDO SURFHVVLQJ DWWHQWLRQ VKLIWV DQG VDFFDGLF H\H PRYHPHQWV ZHUH LPSOHPHQWHG DV
LQGHSHQGHQW DFWLRQV LQ WKHVH VLPXODWLRQV WKH 5/ DJHQWV JUDGXDOO\ OHDUQHG WR SHUIRUP WKH DFWLRQV
WR WKH SRLQW ZKHUH WKH\ EHFDPH VWURQJO\ FRRUGLQDWHG ,Q SDUWLFXODU WKURXJK OHDUQLQJ WKH FRPSOH
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WLRQ RI D VSHFLILF DPRXQW RI OH[LFDO SURFHVVLQJ WULJJHUHG WKH LQLWLDWLRQ RI D VDFFDGLF H\H PRYHPHQW
SURJUDPPLQJ VR WKDW WKH H\HV ZRXOG PRYH SUHFLVHO\ ZKHQ DWWHQWLRQ VKLIWHG WR WKH QH[W ZRUG 7KLV
HPHUJHQFH RI FRRUGLQDWLRQ EHWZHHQ LQGHSHQGHQWO\ FRQWUROOHG DFWLRQV FDPH DERXW SXUHO\ DV D IXQF
WLRQ RI WDVN GHPDQGV DQG D QRQVSHFLILF LH JOREDO UHLQIRUFHPHQW VLJQDO UHODWHG WR WKH 5/ DJHQW¶V
EHKDYLRUDO SHUIRUPDQFH 7KHVH VLPXODWLRQ UHVXOWV WKXV SURYLGH D GHPRQVWUDWLRQ RI KRZ D VLQJOH
UHLQIRUFHPHQW VLJQDO FDQ OHDG WR WKH FRRUGLQDWLRQ RI SHUFHSWXDO HJ ZRUG OHQJWK FRJQLWLYH HJ
OH[LFDO SURFHVVLQJ DWWHQWLRQ VKLIWLQJ DQG PRWRU HJ VDFFDGH SURJUDPPLQJ SURFHVVHV 7KHUH
IRUH RQH FDQ FRQFOXGH WKDW WKH UHLQIRUFHPHQW RI DFWLRQV LQ SDUWLFXODU FRUWLFRVWULDWDO ORRSV DV LV
IXQFWLRQDOO\ GHPRQVWUDWHG LQ WKH H[SHULPHQWDO SRUWLRQ RI WKLV SDSHU LV D SRZHUIXO PHFKDQLVP WKDW
FRXOG OHDG WR WKH FRRUGLQDWLRQ RI DUELWUDU\ DFWLRQV LQWR LQWHOOLJHQW EHKDYLRUV
7KH WKLUG WKHRUHWLFDO SRLQW LV WKDW E\ PDSSLQJ 5/ WR WKH EDVDO JDQJOLD RQH JDLQV DQ XQGHUVWDQG
LQJ RI WKH IXQFWLRQ RI WKH VWULDWXP LQ ERWK UHZDUGUHODWHG DQG QRYHOW\VDOLHQF\UHODWHG SURFHVVLQJ
$ QXPEHU RI VWXGLHV KDYH VXJJHVWHG WKDW VWULDWDO DFWLYLW\ DQG SRVLWLYH SKDVLF GRSDPLQH DFWLYLW\
FRQYH\V LQIRUPDWLRQ WKDW LV DSSDUHQWO\ XQUHODWHG WR UHZDUG VXFK DV QRYHOW\ DQG VDOLHQF\ LQ SDUWLF
XODU SRVLWLYH VLJQDOV DUH VHHQ IRU VDOLHQW QRYHO DQGRU XQH[SHFWHG VWLPXOL VXUSULVLQJO\ UHJDUGOHVV
RI ZKHWKHU WKRVH VWLPXOL OHDG WR SRVLWLYH RU QHJDWLYH UHZDUG 7KHVH VLJQDOV DSSHDU WR EH GLIIHU
HQW IURP WKH UHZDUGSUHGLFWLRQ HUURU VLJQDO EHFDXVH WKH\ DOVR DSSHDU IRU DYHUVLYH VWLPXOL +RUYLW]
 6DODPRQH  DQG RIWHQ DSSHDU YHU\ UDSLGO\ EHIRUH WKH VWLPXOL WKDW WULJJHUHG WKH VLJQDO
KDYH EHHQ IXOO\ LGHQWLILHG 5HGJUDYH DQG *XUQH\  5HGJUDYH HW DO  *HQHUDOO\ WKHVH
UHVSRQVHV DFFRPSDQ\ RULHQWLQJ EHKDYLRU WR WKH VWLPXOXV 6FKXOW]  DQG VXEVLGH ZKHQ WKH RUL
HQWLQJ EHKDYLRU QR ORQJHU RFFXUV *LYHQ WKH DSSDUHQW GLVFUHSDQF\ LQ LQIRUPDWLRQ FRQWHQW EHWZHHQ
UHZDUG DQG VDOLHQF\ LW VHHPV SHUSOH[LQJ WKDW WKH VDPH V\VWHP PLJKW UHSUHVHQW ERWK +RZHYHU UH
FHQW VLPXODWLRQV GHPRQVWUDWH WKDW WKHVH QRYHOW\VDOLHQF\ UHVSRQVHV FDQ LQ IDFW EH VKRZQ WR HPHUJH
IURP 5/ SULQFLSOHV /DXUHQW  7KHVH VLPXODWLRQV VKRZ WKDW DQ DJHQW WKDW PXVW RULHQW WRZDUGV
D VXGGHQRQVHW VWLPXOXV LQ RUGHU WR GHWHUPLQH WKH UHZDUGLQJ RU SXQLVKLQJ QDWXUH RI WKDW VWLPXOXVZLOO
DOZD\V H[KLELW D SRVLWLYH UHZDUGSUHGLFWLRQ HUURU HYHQ LI KDOI RI WKH WLPH WKH VWLPXOXV RQVHW SUH
GLFWV WKH DSSHDUDQFH RI D QHJDWLYHO\YDOXHG REMHFW 7KH H[SODQDWLRQ IRU WKLV SDUDGR[LFDO UHVXOW ZDV
WKDW WKH GRSDPLQH VLJQDO LV UHODWHG WR WKH DFWXDO UHLQIRUFHG EHKDYLRUV ,Q FDVHV ZKHUH WKH DJHQW ODWHU
SHUFHLYHV WKDW WKH REMHFW ZDV QHJDWLYHO\ YDOXHG LW GRHV QRW DSSURDFK LW WR FROOHFW DQG UHFHLYH QHJ
DWLYH UHLQIRUFHPHQW VHH /DXUHQW  )LJXUH  7KXV WKH UHZDUGSUHGLFWLRQ ZKHQ WKH VWLPXOXV

DSSHDUV LV WKH DYHUDJH RI SRVLWLYH RXWFRPHV FROOHFWHG UHZDUGV DQG QHDU]HUR RXWFRPHV DYRLGHG
SXQLVKPHQWV 7KHVH FRPSXWDWLRQDO ILQGLQJV VXJJHVW WKDW WKH DSSDUHQWO\ QRQUHZDUGUHODWHG VLJQDOV
FRQYH\HG E\ GRSDPLQH DUH LQ IDFW FRPSDWLEOH ZLWK 5/ DQG PD\ LQ IDFW HPHUJH IURP 5/ SULQFLSOHV
RSHUDWLQJ LQ EDVDO JDQJOLD EUDLQ FLUFXLWV

)LJXUH  &RRUGLQDWHV RI WKH SHDNV RI ODUJHVW DQGPRVW VLJQLILFDQW FOXVWHUV FRUUHODWLQJ WR SRV
LWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU DQG PRYHPHQW UHJUHVVRUV LQ WKH VWULDWXP *HQHU
DOO\ WKH SDWWHUQ RI DFWLYLW\ VXSSRUWV WKH K\SRWKHVLV WKDW UHZDUGSUHGLFWLRQ HUURUV IRU SDUWLFXODU DF
WLRQV DUH FRPSXWHG LQ VWULDWDO UHJLRQV WR ZKLFK QHRFRUWLFDO UHJLRQV FRQWUROOLQJ WKRVH DFWLRQV SURMHFW
3UHGLFWHG DFWLYDWLRQV DUH LQGLFDWHG E\ DQ DVWHULVN  $OWKRXJK UHZDUG UHJLRQV DUH VLPLODU WR WKRVH
LQYROYHG LQ PRYHPHQWV SRVLWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDOV ZHUH JHQHUDOO\ PRUH GRUVDO FRP
SDUHG WR WKH PRYHPHQWUHODWHG VLJQDOV ,QWHUHVWLQJO\ WKH DQWHULRU FDXGDWH ZDV LQYROYHG LQ SRVLWLYH
UHLQIRUFHPHQW RI KDQG PRYHPHQW VXJJHVWLQJ WKDW VRPH DVSHFW RI FRYHUW DWWHQWLRQ DOWKRXJK QRW
QHFHVVDULO\ D FRYHUW DWWHQWLRQ PRYHPHQW ZDV UHLQIRUFHG 7KLV PD\ FRUUHVSRQG WR UHLQIRUFLQJ WKH
PDLQWHQDQFH RI FRYHUW DWWHQWLRQ DQG IL[DWLRQ WR WKH FHQWHU RI WKH VFUHHQ GXULQJ WKH VFUROOLQJ PR
WLRQ WKDW UHVXOWV IURP WKH KDQGPRYHPHQW &RRUGLQDWHV DUH ZLWK UHIHUHQFH WR WKH 7DODLUDFK7RXUQDX[
DWODV $EEUHYLDWLRQV 53( UHZDUGSUHGLFWLRQ HUURU 1RWH  7KH WZR 52,V DUH OLNHO\ D VLQJOH




)LJXUH  %HKDYLRUDO 3HUIRUPDQFH RI 3DUWLFLSDQWV DV WKH\ /HDUQ (\H 0RYHPHQWV &RYHUW
$WWHQWLRQ 6KLIWV DQG +DQG 0RYHPHQWV 7KH IROORZLQJ WZR SORWV VKRZ SDUWLFLSDQWV OHDUQLQJ
WR SHUIRUP WKH GLIIHUHQW DFWLRQV GXULQJ WKH H[SHULPHQW (DFK EDU UHSUHVHQWV WKH DYHUDJH QXPEHU
RI WULDOV UHZDUGHG DFURVV SDUWLFLSDQWV IRU ILYH WULDO ELQV &KDQFH SHUIRUPDQFH LV  WKHRUHWLFDO
RSWLPDO SHUIRUPDQFH LQ WKLV WDVN LV  LQGLFDWHG RQ WKH [D[LV EHFDXVH UHZDUGHG DQG XQUHZDUGHG
GLUHFWLRQV ZHUH VWRFKDVWLFDOO\ LQYHUWHG GXULQJ  RI WKH WULDOV

!!
)LJXUH  3RZHU /DZ &XUYH )LWV WR 3RROHG %HKDYLRUDO 3HUIRUPDQFH 'DWD 'DWD IURP WKH ILUVW
DQG VHFRQG KDOYHV RI HDFK EHKDYLRUDO H[SHULPHQW ZHUH SRROHG DQG D SRZHU ODZ FXUYH ZDV ILW WR WKH
SHUFHQW FRUUHFW 7KH ILWWHG FXUYH LV SORWWHG LQ VROLG DQG  FRQILGHQFH EDQGV DUH SORWWHG LQ GRWWHG
OLQHV 1RWH WKDW WKH FXUYHV DUH YHU\ FORVH WR HDFK RWKHU DQG WKH FRQILGHQFH EDQGV RYHUODS 5HIHU WR








)LJXUH  6WULDWDO 5HJLRQV &RUUHODWLQJ 3RVLWLYHO\ ZLWK 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU
ZKLOH 5HLQIRUFLQJ +DQG 0RYHPHQWV 6DFFDGLF (\H 0RYHPHQWV DQG &RYHUW $WWHQWLRQ 6KLIWV
3DQHOV $% VKRZ D UHJLRQ LQ WKH OHIW SXWDPHQ WKDW FRUUHODWHG ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU
ZKLOH KDQG PRYHPHQWV ZHUH EHLQJ UHLQIRUFHG 3DQHOV &' VKRZ ELODWHUDO UHJLRQV LQ WKH DQWHULRU
FDXGDWH WKDW FRUUHODWHG ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZKLOH VDFFDGLF H\H PRYHPHQWV ZHUH
EHLQJ UHLQIRUFHG 3DQHOV () VKRZ ELODWHUDO UHJLRQV LQ WKH DQWHULRU FDXGDWH WKDW FRUUHODWHG ZLWK
SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZKLOH FRYHUW DWWHQWLRQ VKLIWV ZHUH EULQJ UHLQIRUFHG 6HH 7DEOH 







)LJXUH  6WULDWDO UHJLRQV FRUUHODWLQJ ZLWK QHJDWLYH UHZDUG SUHGLFWLRQ HUURU 5HJLRQV FRU
UHODWLQJ ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU ZHUH JHQHUDOO\ VPDOOHU OHVV VWDWLVWLFDOO\ VLJQLILFDQW
DQG PRUH GLIIXVH FRPSDUHG WR UHJLRQV FRUUHODWLQJ ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU 3DQHOV $
% RQ WKH OHIW VKRZ ELODWHUDO UHJLRQV LQ WKH SXWDPHQ WKDW FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ
HUURU ZKLOH KDQG PRYHPHQWV ZHUH EHLQJ UHLQIRUFHG QRWH WKDW WKH FRUUHODWLRQ ZDV QHJDWLYH 3DQ
HOV &' VKRZ UHJLRQV RI WKH DQWHULRU FDXGDWH WKDW FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU
ZKLOH VDFFDGHV ZHUH EHLQJ UHLQIRUFHG 3DQHOV () VKRZ WKH UHJLRQ LQ WKH DQWHULRU FDXGDWH WKDW FRU





hand saccade covert attention
)LJXUH  6WULDWDO 5HJLRQV &RUUHODWLQJ 3RVLWLYHO\ ZLWK 0RYHPHQWV IRU $WWHQWLRQ 6KLIWV 6DF
FDGHV DQG +DQG 0RYHPHQWV 7KHVH ILJXUHV VKRZ GDWD IURP WKH &21752/ UXQV RI WKH H[SHU
LPHQW RQO\ GXULQJ ZKLFK QR UHZDUG ZDV SUHVHQW 3DQHOV $% VKRZ WKH VWULDWDO UHJLRQ OHIW SXWD
PHQ WKDW FRUUHODWHG ZLWK ULJKW KDQG PRYHPHQWV 3DQHOV &' VKRZ UHJLRQV RI WKH VWULDWXP DQWHULRU
SXWDPHQ WKDW FRUUHODWHG ZLWK VDFFDGLF H\H PRYHPHQWV 3DQHOV () VKRZ UHJLRQV RI WKH VWULDWXP
DQWHULRU VWULDWXP GRUVDO FDXGDWH WKDW FRUUHODWHG ZLWK DWWHQWLRQ VKLIWV

!)LJXUH  3UHIURQWDO &RUWH[ $FWLYLW\ 'HFUHDVHV ZLWK 5HLQIRUFHPHQW 7KLV ILJXUH VKRZV WKH
SHDNV RI WKH UHJLRQV UHVXOWLQJ IURP DQ $129$ WR ZKLFK WKH PHDQV RI HDFK TXDUWHU RI HDFK OHDUQLQJ
UXQ KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV ZHUH VXEPLWWHG 7KH LPDJH LV
WKUHVKROGHG DW S   DQG FRUUHFWHG IRU PXOWLSOH FRPSDULVRQV DW S   7KH UHJLRQV DUH $
GRUVDOPHGLDO SUHIURQWDO FRUWH[ %$ SHDN DW PP PP PP >)  @ %$ SHDN
DW PP PP PP QRW VKRZQ >)  @ &' WKH DQWHULRU FLQJXODWH FRUWH[ SHDN DW
PP PP PP >)  @ DQG () WKH ULJKW PLGGOH WHPSRUDO J\UXV SHDN DW PP
PP PP >)  @

!)LJXUH  'LDJUDP RI SURSRVHG IUDPHZRUN 6SDUVH FRUWLFRFRUWLFDO FRQQHFWLYLW\ DOORZV JRDO
IURP WKH OHIW DQGRU VHQVRU\ IURP WKH ULJKW LQIRUPDWLRQ WR SURSRJDWH WKURXJK QHRFRUWH[ +RZ
HYHU EHFDXVH WKLV FRQQHFWLYLW\ LV YHU\ VSDUVH LW LV DVVXPHG WKDW LQ PDQ\ FDVHV WKLV DIIHUHQW DFWLYLW\
LV QRW VXIILFLHQW WR LQLWLDWH DFWLRQ LH QRW VXIILFLHQW VWURQJ RU WHPSRUDOO\ FRRUGLQDWHG WR UHOLDEO\
GHSRODUL]H WKH GHVLUHG TXDQWLW\ RI QHXURQV 6RPH VXEVHW RI WKH GHVLUHG FRQILJXUDWLRQ RI QHXURQV
DUH DFWLYDWHG DQG SURMHFW WR WKH VWULDWXP 7R WKH GHJUHH WKDW WKRVH FRQQHFWLRQV KDG EHHQ VWUHQJWK
HQHG WKURXJK SULRU UHLQIRUFHPHQW WKH\ ZLOO HQJDJH D VSDWLRWHPSRUDO IHHGEDFN ORRS 7KURXJK WKLV
ORRS DVVRFLDWHG QHRFRUWLFDO QHXURQV ZLOO DOVR EH H[FLWHG HYHQWXDOO\ JHQHUDWLQJ WKH GHVLUHG DFWLRQ
2WKHU IHHGEDFN ORRSV WKDW PD\ KDYH EHHQ UHLQIRUFHG EXW SHUKDSV OHVV VR ZLOO DOVR EHJLQ WR H[FLWH
WKHPVHOYHV /RFDO RUJDQL]DWLRQ ZLWKLQ WKH QHRFRUWH[ FRXOG SURYLGH HIILFLHQW FRPSHWLWLRQ DPRQJ
FRPSHWLQJ DFWLRQV :KHQ XQH[SHFWHG UHLQIRUFHPHQW LV UHFHLYHG GRSDPLQH SRWHQWLDWHV FRUWLFRVWUL
DWDO SURMHFWLRQV IRU UHFHQWO\ DFWLYDWHG DFWLRQV XVLQJ DQ HOLJLELOLW\WUDFH PHFKDQLVP HJ DV XVHG E\
,]KLNHYLFK  7KH VWULDWXP DOVR KDV LQKLELWRU\ HIIHUHQWV WR WKH GRSDPLQHUHOHDVLQJ QHXURQV
3ODVWLFLW\ DW WKH OHYHO RI WKH VWULDWXP LV K\SRWKHVL]HG WR VWRUH WKH UHZDUG SUHGLFWLRQ DVVRFLDWHG ZLWK
WKH QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQ DQG VWULDWRQLJUDO LQKLELWRU\ FRQQHFWLRQV FDQ LQKLELW GRSDPLQH
UHOHDVH LQ SURSRUWLRQ WR WKH SUHGLFWHG UHZDUG WKHUHE\ FRPSXWLQJ UHZDUGSUHGLFWLRQ HUURUV

 &21&/86,21
:H SUHVHQWHG D WKHRUHWLFDO IUDPHZRUN DORQJ ZLWK VXSSRUWLQJ H[SHULPHQWDO HYLGHQFH WKDW H[SODLQV
KRZ WKH EUDLQ LV DEOH WR FRQWURO LWVHOI DQG JHQHUDWH LQWHOOLJHQW DGDSWLYH EHKDYLRU LQ VSLWH RI FRQ
VWUDLQWV RQ FRQQHFWLYLW\ 7KH IUDPHZRUN SURSRVHV WKDW WKH FRQWURO RI SDUWLFXODU DFWLRQV LV GHOHJDWHG
WR ORFDO UHJLRQV RI FRUWH[ EXW WKDW D JOREDO UHLQIRUFHPHQW VLJQDO UHLQIRUFHV WKRVH DFWLRQV ZKHQ WKH\
OHDG WR IDYRUDEOH RXWFRPHV IRU WKH RUJDQLVP DV D ZKROH 7KH LPSOHPHQWDWLRQ RI WKLV IUDPHZRUN LQ
YROYHV WKH EDVDO JDQJOLD ZKLFK UHFHLYH LQIRUPDWLRQ IURP UHJLRQV RI WKH QHRFRUWH[ DQG WKHQ RXWSXWV
LQIRUPDWLRQ EDFN WR WKRVH UHJLRQV RI WKH QHRFRUWH[ WR WULJJHU VSHFLILF DFWLRQV 7KH SURSRVHG IUDPH
ZRUN LV WKDW WKH EDVDO JDQJOLD DSSO\ WKH VDPH FRPSXWDWLRQ WR DOO DIIHUHQW LQIRUPDWLRQ QDPHO\ WKH
FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ HUURUV IRU WKH QHRFRUWLFDO SDWWHUQV RI DFWLYLW\ WKDW JHQHUDWH ³DF
WLRQ´ $FFRUGLQJ WR WKH IUDPHZRUN LI QHRFRUWLFDO DFWLYLW\ SDWWHUQV JHQHUDWH DFWLRQV OHDGLQJ WR PRUH
RU OHVV UHZDUG WKDQ ZDV SUHGLFWHG WKHQ WKH SURMHFWLRQV IURP WKRVH SDWWHUQV WR WKH VWULDWXP ZHUH
DOWHUHG LQ SURSRUWLRQ WR WKH UHZDUGSUHGLFWLRQ HUURU
:H DOVR SUHVHQWHG GDWD LQ VXSSRUW RI WKLV IUDPHZRUN ,Q SDUWLFXODU ZH IRXQG I05, %2/' VLJ
QDOV LQGLFDWLYH RI WKH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ HUURUV ZHUH ORFDOL]HG WR GLVWLQFW UHJLRQV RI
WKH VWULDWXP GHSHQGLQJ RQ WKH W\SH RI DFWLRQ WKDW ZDV EHLQJ UHLQIRUFHG 0RVW LPSRUWDQWO\ ZH IRXQG
WKDW WKHVH UHJLRQV FRUUHVSRQGHG JHQHUDOO\ WR UHJLRQV RI WKH VWULDWXP NQRZQ WR EH LQYROYHG LQ WKH
FRQWURO RI WKH DFWLRQV EHLQJ UHLQIRUFHG )XUWKHUPRUH ZH IRXQG WKDW WKLV UHVXOW ZDV WUXH ZKHWKHU WKH
DFWLRQV EHLQJ UHZDUGHG DUH SK\VLFDO LH KDQG PRYHPHQWV DQG H\H PRYHPHQWV RU FRJQLWLYH LH
FRYHUW DWWHQWLRQ VKLIWV %\ GHPRQVWUDWLQJ WKDW UHZDUGSUHGLFWLRQ HUURUV DUH FRPSXWHG LQ GLVWLQFW
SDUWV RI WKH VWULDWXP IRU GLIIHUHQW DFWLRQV WKHVH ILQGLQJV SURYLGH D IXQFWLRQDO H[SODQDWLRQ IRU WKH
DQDWRPLFDO ILQGLQJ WKDW WKH EDVDO JDQJOLD KDYH SDUDOOHO FRQQHFWLRQV ZLWK ERWK PRWRU DQG QRQPRWRU
UHJLRQV RI QHRFRUWH[ ,Q SDUWLFXODU WKH UHVXOWV VXJJHVW WKDW UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV
FDQ EH PDSSHG WR WKH FRUWLFREDVDO JDQJOLD ORRSV DQG WKDW WKHVH ORRSV PHGLDWH D SDWWHUQ RI FRQQHF
WLYLW\ WKURXJK ZKLFK D JOREDO UHLQIRUFHPHQW VLJQDO FDQ EH DSSOLHG WR ORFDOO\FRQWUROOHG DFWLRQV LQ
WKH EUDLQ
7KHVH ILQGLQJV KDYH LPSOLFDWLRQV IRU PRGHOV RI OHDUQLQJ EDVHG RQ WKH 5HVFRUOD:DJQHU OHDUQ
LQJ UXOH ,Q SDUWLFXODU WKHVH ILQGLQJV VXJJHVW WKDW DOWKRXJK JOREDO UHZDUG SUHGLFWLRQ HUURUV DUH
LPSRUWDQW DFWLRQVSHFLILF DQG E\ JHQHUDOL]DWLRQ VWLPXOXV VSHFLILF UHZDUGSUHGLFWLRQ HUURUV DUH

FRPSXWHG VHSDUDWHO\ DQG LQ SDUDOOHO &ULWLFDOO\ OHDUQLQJ FDQ EH GRQH EDVHG RQ WKH GLIIHUHQFH EH
WZHHQ UHFHLYHG UHZDUG DQG DFWLRQVSHFLILF UHZDUG H[SHFWDWLRQV UDWKHU WKDQ JOREDO UHZDUG H[SHF
WDWLRQV $GRSWLQJ WKLV H[WHQVLRQ WR WKH 5HVFRUOD:DJQHU UXOH SURYLGHV D EHWWHU H[SODQDWLRQ IRU WKH
SUHVHQW GDWD EHFDXVH LW H[SODLQV KRZ UHZDUGSUHGLFWLRQ HUURUV DUH ORFDWHG LQ GLIIHUHQW SDUWV RI WKH
VWULDWXP DQG LW H[SODLQV SUHYLRXVO\ SUREOHPDWLF SKHQRPHQD LQ EHKDYLRUDO 5/ VXFK DV XQEORFN
LQJ DQG GRZQVKLIWLQJ 7KLV LV GLVFXVVHG LQ PRUH GHWDLO LQ WKH VHFWLRQ EHORZ HQWLWOHG ([WHQGLQJ
5HVFRUOD:DJQHUEDVHG /HDUQLQJ 5XOHV 6HFWLRQ  RQ SDJH 
7KHVH ILQGLQJV DOVR KDYH D QXPEHU RI LPSOLFDWLRQV IRU IXWXUH UHVHDUFK 1HXURSK\VLRORJLFDOO\
WKH SUHVHQW UHVXOWV VXJJHVW WKDW UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV DUH QRW D SURSHUW\ RI D VSHFLILF
UHJLRQ RI WKH GRUVDO YHUVXV YHQWUDO VWULDWXP EXW UDWKHU VXJJHVW WKDW HYLGHQFH RI UHZDUGSUHGLFWLRQ
HUURU VKRXOG EH REVHUYDEOH LQ DOO SDUWV RI WKH VWULDWXP GHSHQGLQJ RQ WKH W\SH RI QHRFRUWLFDO DFWLYLW\
WKDW LV EHLQJ UHLQIRUFHG 0XOWLXQLW UHFRUGLQJ LQ WKH VWULDWXP FRXSOHG ZLWK WDVNV WKDW UHLQIRUFH
VSHFLILF W\SHV RI DFWLRQ WKDW HQJDJH UHLQIRUFHPHQW OHDUQLQJ LQ SDUWLFXODU FRUWLFREDVDO JDQJOLD ORRSV
PD\ JHQHUDWH LQVLJKW LQWR KRZ SODVWLFLW\ GXH WR UHZDUGSUHGLFWLRQ HUURUV DW WKH OHYHO RI WKH VWULDWXP
LV XVHG WR XOWLPDWHO\ UHFXUUHQWO\ ³ERRVW´ QHRFRUWLFDO DFWLYLW\ SDWWHUQV WKDW OHDG WR UHZDUG
)URP WKH VWDQGSRLQW RI IXWXUH FRPSXWDWLRQDO PRGHO GHYHORSPHQW WKH SUHVHQW ILQGLQJV VXJJHVW
KRZ WR VROYH WZR W\SHV RI FRPSXWDWLRQDO SUREOHPV 7KH ILUVW SUREOHP LV WKDW RI SHUIRUPLQJ 5/ LQ
ODUJH VWDWH VSDFHV 5/ DOJRULWKPV DUH DIIOLFWHG E\ WKH FXUVH RI GLPHQVLRQDOLW\ WKH VWDWH VSDFH JURZV
GUDPDWLFDOO\ DV WKH GLPHQVLRQDOLW\ RI WKH SUREOHP WR EH VROYHG LQFUHDVHV 6XWWRQ DQG %DUWR 
$OWKRXJK UHVHDUFKHUV KDYH DSSOLHG D QXPEHU RI VWUDWHJLHV WR DGGUHVV WKLV SUREOHP VXFK DV VDPSOLQJ
RQO\ SDUWV RI WKH VSDFH LH WUDMHFWRU\ VDPSOLQJ RU E\ DWWHPSWLQJ WR XVH IXQFWLRQ DSSUR[LPDWLRQ
WKH VROXWLRQ VXJJHVWHG E\ WKH FXUUHQW UHVXOWV LV WKDW VRPH PHDVXUH RI VXFFHVV FRXOG EH DFKLHYHG
E\ GLYLGLQJ WKH VWDWH VSDFH LQWR VXEVSDFHV WKDW FDQ EH WDFNOHG E\ ODUJHO\ LQGHSHQGHQW DJHQWV
8QIRUWXQDWHO\ RXU GDWD GR QRW VXJJHVW KRZ WR RSWLPDOO\ GLYLGH VWDWH VSDFHV LQWR VXEVWDWH VSDFHV
+RZHYHU RUJDQL]LQJ VHQVRU\ DQG PRWRU UHSUHVHQWDWLRQV EDVHG RQ WKH VWDWLVWLFV RI WKH HQYLURQPHQW
FRXOG EH DQ LPSRUWDQW IXQFWLRQ RI QHRFRUWH[ LWVHOI HJ )|OGLiN  2MD  E\ FROOHFWLQJ
UHODWHG DQG FRPSHWLQJ DFWLRQV LQWR WKH VDPH FRUWLFREDVDO JDQJOLD ORRSV 7KXV WKH LQGHSHQGHQW
SDUDOOHOL]HG 5/ DJHQWV FDQ RSHUDWH RQ VXEVHWV RQ WKH VWDWH VSDFH WR GHFLGH DPRQJ FRPSHWLQJ DF
WLRQV UDWKHU WKDQ RQ WKH HQWLUH VWDWH VSDFH IDFHG E\ WKH RUJDQLVP 7KH VHFRQG SUREOHP WR ZKLFK WKHVH

ILQGLQJV SURSRVH D VROXWLRQ ZDV PHQWLRQHG LQ WKH *HQHUDO 'LVFXVVLRQ KRZ WR DFKLHYH FRQWURO LQ
ODUJH VLPXODWHG QHXUDO QHWZRUNV $V FRPSXWHU WHFKQRORJ\ LPSURYHV DQG UHVHDUFKHUV VWXG\ LQFUHDV
LQJO\ ODUJH QHXUDO QHWZRUNV DWWHPSWV WR VXFFHVVIXOO\ FRQWURO WKHP PD\ EHQHILW IURP ELRPLPLFU\ DW
WKLV OHYHO
)URP D FOLQLFDO VWDQGSRLQW WKH ILQGLQJ WKDW WKH UHLQIRUFHPHQW RI DFWLRQV LV PHGLDWHG WKURXJK
FKDQJHV LQ GLIIHUHQW SDUWV RI WKH VWULDWXP VXJJHVW D SRWHQWLDO PHDQV IRU HDUO\ GLDJQRVLV RI EDVDO
JDQJOLD GLVRUGHUV HVSHFLDOO\ LI WKRVH GLVRUGHUV KDSSHQ WR GLVSURSRUWLRQDWHO\ DIIHFW RQH UHJLRQ RI
WKH VWULDWXP PRUH WKDQ DQRWKHU HJ +XQWLQJWRQ¶V GLVHDVH 9RQVDWWHO HW DO  $Q LQDELOLW\ WR
UHDFK DV\PSWRWLF SHUIRUPDQFH RU D ODFN RI ILW E\ 5/ DJHQWV IRU D SDUWLFXODU W\SH RI DFWLRQ FRPSDUHG
WR RWKHUV FRXOG VHUYH DV DQ HDUO\ LQGLFDWLRQ RI WKH ORVV RI FHOOV LQ RU RI GRSDPLQH LQQHUYDWLRQ WR D
SDUWLFXODU VWULDWDO UHJLRQ $QRWKHU SRWHQWLDO GLDJQRVWLF FRXOG EH EDVHG RQ WKH SRVVLELOLW\ WKDW WDVNV
WKDW HQJDJH VLQJOH SDUWV RI WKH VWULDWXP HJ KDQG PRYHPHQWV RU FRYHUW DWWHQWLRQ VKLIWV LQ WKH
FXUUHQW UHVXOWV DUH PRUH VHQVLWLYH WR WKH ORVV RI VWULDWDO GRSDPLQH IXQFWLRQ WKDQ WKRVH WKDW SRVVLEO\
UHFUXLW VHYHUDO VWULDWDO DUHDV VLPXOWDQHRXVO\ HJ VDFFDGLF H\H PRYHPHQWV LQ WKH FXUUHQW UHVXOWV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7ZR PDLQ DQDO\VLV PHWKRGV DUH XVHG LQ WKLV VHFWLRQ 7KH ILUVW PHWKRG LV GHFRQYROXWLRQ DQDO\VLV
ZKLFK LV HTXLYDOHQW WR PXOWLSOH UHJUHVVLRQ DQDO\VLV ZLWK FRHIILFLHQWV IRU HDFK SRLQW LQ WLPH *URXS
OHYHO VWDWLVWLFV DUH WKHQ FRPSXWHG EDVHG RQ WKH VXP RYHU WLPH RI WKH UHVXOWLQJ UHJUHVVLRQ FRHIIL
FLHQWV 7R SURYLGH WKH UHDGHU ZLWK D TXDOLWDWLYH XQGHUVWDQGLQJ RI GHFRQYROXWLRQ DQDO\VLV D EULHI
H[DPSOH LQ ZKLFK WZR VLPXODWHG VLJQDOV DUH FRQYROYHG LQWR D VLQJOH ³YR[HO´ DQG WKHQ UHFRYHUHG
WKURXJK GHFRQYROXWLRQ LV SUHVHQWHG LQ $SSHQGL[ &
7KH VHFRQG DQDO\VLV PHWKRG LV D GLUHFW DSSOLFDWLRQ RI DQDO\VLV RI YDULDQFH $129$ WR WKHPHDQ
YR[HO DFWLYLW\ DIWHU QRUPDOL]DWLRQ IURP SDUWLFXODU WULDOV 7KLV ODWWHU DSSURDFK LV TXLWH FRPPRQ LQ
I05, DQDO\VLV DQG LV QRW GHPRQVWUDWHG ZLWK DQ H[DPSOH

 029(0(1721/< 02'(/
7KH GDWD IURP WKH &21752/ LH QRQUHLQIRUFHG SRUWLRQ RI WKH H[SHULPHQW ZHUH H[DPLQHG IRU
VLJQDOV FRUUHODWLQJ WR KDQGPRYHPHQWV VDFFDGLF H\HPRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV %LQDU\
HYHQW WLPH VHULHV ZHUH FUHDWHG IRU HDFK RI WKH WKUHH W\SHV RI DFWLRQ SHUIRUPHG E\ SDUWLFLSDQWV 7KHVH
WLPH VHULHV ZHUH XVHG DV LQSXWV IRU D GHFRQYROXWLRQ DQDO\VLV SHUIRUPHG IRU  WLPH SRLQWV LH 75V
LQ WKH WLPH UDQJH V DURXQG WKH WLPH RI WKH PRYHPHQW HYHQW 7KH ILUVW  EHWD FRHIILFLHQWV ZHUH
WKHQ VXPPHG WR FUHDWH D YR[HOZLVH EHWD PDS IRU HDFK W\SH RI PRYHPHQW HYHQW DQG WKLV PDS
ZDV WKHQ VSDWLDOO\ VPRRWKHG ZLWK D PP IXOOZLGWK KDOIPD[ *DXVVLDQ ILOWHU )RU DQ LOOXVWUDWLRQ
RI WKH VXPPDWHG FRHIILFLHQWV ZLWK UHVSHFW WR WKH HYHQWV RI LQWHUHVW VHH )LJXUH  RQ SDJH 
7KHVH PDSV ZHUH WKHQ WUDQVIRUPHG XVLQJ $176 DV GHWDLOHG LQ $SSHQGL[ $ WR EULQJ WKHP LQWR D
FRPPRQ VSDFH )LQDOO\ D JURXSOHYHO WWHVW ZDV SHUIRUPHG DFURVV WKH SDUWLFLSDQWV¶ PDSV WR UHYHDO
DUHDV ZKRVH DFWLYLW\ FRUUHODWHG WR WKH RFFXUUHQFH RI WKH PRGHOHG PRYHPHQW DFWLRQV
,1 7+( 675,$780
6WULDWDO LQYROYHPHQW LQ WKH WKUHH W\SHV RI PRYHPHQWV ZDV H[DPLQHG 7R UHVWULFW DQDO\VLV WR WKH
VWULDWXP D KDQGGUDZQ VWULDWDO PDVN VKRZQ LQ )LJXUH  SDJH  ZDV DSSOLHG WR WKH JURXSOHYHO
WPDS 7KH UHVXOWV RI WKLV DQDO\VLV DUH WDEXODWHG LQ 7DEOH  DQG LOOXVWUDWHG LQ )LJXUHV 
7KH UHVXOWV VKRZ WKDW WKUHH VHSDUDWH UHJLRQV LQ WKH VWULDWXP ZHUH LQYROYHG LQ WKH FRQWURO RI WKH WKUHH
GLIIHUHQW NLQGV RI PRYHPHQWV )LJXUH  VKRZV WKDW ULJKW KDQG PRYHPHQWV LQYROYHG WKH OHIW LH
FRQWUDODWHUDO SRVWHULRU SXWDPHQ )LJXUH  VKRZV WKDW VDFFDGLF H\H PRYHPHQWV LQYROYHG WKH
DQWHULRU SRUWLRQV RI WKH SXWDPHQ DQG SDUWV RI WKH FDXGDWH )LQDOO\ )LJXUH  VKRZV WKDW FRYHUW
DWWHQWLRQ VKLIWV LQYROYHG WKH KHDG DQG WKH PRVW DQWHULRU SRUWLRQV RI WKH FDXGDWH
$OWKRXJK WKH DFWLYDWHG UHJLRQV ZHUH JHQHUDOO\ LQ OLQH ZLWK WKH DIRUHPHQWLRQHG K\SRWKHVHV
EULHIO\ WKDW ULJKW KDQG PRYHPHQW ZRXOG LQYROYH WKH OHIW SXWDPHQ WKDW VDFFDGLF H\H PRYHPHQWV
ZRXOG LQYROYH DQWHULRU DQG GRUVDO VWULDWXP DQG WKDW FRYHUW DWWHQWLRQ VKLIWV ZRXOG LQYROYH WKH DQWH
ULRU FDXGDWH WKH PDLQ XQH[SHFWHG UHVXOW ZDV WKDW WKH GRUVDO FDXGDWH ZDV QRW DSSDUHQWO\ LQYROYHG LQ
VDFFDGLF H\H PRYHPHQWV DV ZRXOG EH SUHGLFWHG JLYHQ DQDWRPLFDO SURMHFWLRQV WKHUH IURP WKH IURQWDO
H\H ILHOGV 2QH SRVVLEOH H[SODQDWLRQ IRU WKLV LV WKDW WKH GRUVDO FDXGDWH LV D YHU\ VPDOO DQG QDUURZ
SDUW RI WKH VWULDWXP DQG WKDW DFWLYLW\ WKHUH FRXOG KDYH EHHQ REVFXUHG E\ QRLVH IURP WKH QHDUE\ YHQ
WULFOHV $QRWKHU SRVVLELOLW\ LV WKDW WKH GRUVDO FDXGDWH LV LQYROYHG LQ UHZDUGLQJ YROXQWDU\ VDFFDGHV

UDWKHU WKDQ LQ WKH FXHG H[HFXWLRQ RI VDFFDGHV 7KLV ODWWHU SRVVLELOLW\ ZLOO EH DGGUHVVHG LQ WKH VXE
VHTXHQW DQDO\VHV ZKLFK H[DPLQH UHZDUGSUHGLFWLRQ HUURU VLJQDOV GXULQJ VDFFDGLF H\H PRYHPHQWV
(YHQWUHODWHG DYHUDJHV LH LPSXOVH UHVSRQVH IXQFWLRQV ZHUH FRPSXWHG IRU WKH PRYHPHQW
UHODWHG UHJUHVVRUV 7KHVH DUH SORWWHG LQ 3DQHO ' LQ )LJXUHV  $OWKRXJK WKH UHJLRQV GHSLFWHG
LQ WKRVH ILJXUHV ZHUH UHJLRQV RI PD[LPDO DFWLYLW\ GXULQJ WKH ILUVW  EHWDZHLJKWV LH WLPH UDQJH
 VHFRQGV WKHVH SORWV VKRZ WKDW WKH VLJQDO LV PD[LPDO GXULQJ WKH WLPH UDQJH RI  7KXV LQ
WKH VXEVHTXHQW GHFRQYROXWLRQ DQDO\VLV WKDW UHVWULFWHG WLPH SHULRG LH 75  75 ZDV XVHG DV WKH






























)LJXUH  ,OOXVWUDWLRQ RI 5HJUHVVRUV LQ WKH 'HFRQYROXWLRQ $QDO\VHV 'HFRQYROXWLRQ LQYROYHV
VSHFLI\LQJ PXOWLSOH UHJUHVVLRQ EHWD FRHIILFLHQWV RQH IRU HDFK GDWD SRLQW RI LQWHUHVW HJ VFDQ LP
DJH RU 75 7KLV ILJXUH LOOXVWUDWHV WKRVH UHJUHVVLRQ FRHIILFLHQWV ZLWK UHVSHFW WR WKH HYHQWV RI LQWHUHVW
LH WKH PRYHPHQW HYHQW DQG WKH UHLQIRUFHPHQW HYHQW LQGLFDWHG E\ DUURZV 6L[  UHJUHVVLRQ
FRHIILFLHQWV ZHUH VXPPDWHG IRU WKH PRYHPHQW VLJQDOV LQ WKH PRYHPHQWRQO\ PRGHO DQDO\VLV LH
WKH WZR JUD\ DQG  EODFN ER[HV LQ WKH URZ ODEHOHG ³PRYHPHQW βFRHIILFLHQWV´ ,Q WKH PRYH
PHQWUHLQIRUFHPHQW PRGHO DQDO\VLV RQO\ WKH UHJUHVVLRQ FRHIILFLHQWV LQGLFDWHG E\ WKH EODFN ER[HV
ZHUH VXPPDWHG $V LQGLFDWHG LQ WKH WH[W GHFRQYROXWLRQ LWVHOI VSDQQHG  75V VWDUWLQJ IURP WKH
RQVHW RI HDFK HYHQW 1RWH WKDW DOWKRXJK WKH K\SRWKHVL]HG KHPRG\QDPLF UHVSRQVHV IURP WKH HYHQWV
RI LQWHUHVW RYHUODS LQ WLPH GHFRQYROXWLRQ DQDO\VLV VKRXOG DOORZ WKH VXFFHVVIXOO\ VHSDUDWLRQ RI WKHLU
LQGLYLGXDO FRQWULEXWLRQV $ GHPRQVWUDWLRQ RI VXFFHVVIXO VHSDUDWLRQ LV VKRZQ LQ $SSHQGL[ & ZLWK
VLPXODWHG GDWD SRVVHVVLQJ VLPLODU SURSHUWLHV WR WKH UHDO GDWD VHW LH PRYHPHQW VLJQDOV ZLWK DV
VXPHG FRQVWDQW DPSOLWXGH EXW UHLQIRUFHPHQW VLJQDOV ZLWK YDULDEOH DPSOLWXGHV

5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH &RUUHFWHG SYDOXH
+DQG 0RYHPHQWV
YR[HOZLVH S  
3RVWHULRU 3XWDPHQ  YR[HOV  W  S
(\H 0RYHPHQWV
YR[HOZLVH S  
$QWHULRU 3XWDPHQ  YR[HOV  W  S
 YR[HOV  W  S
&RYHUW $WWHQWLRQ
YR[HOZLVH S  
$QWHULRU &DXGDWH  YR[HOV    W  S
 YR[HOV    W  S
7DEOH  6WULDWDO 5HJLRQV DFWLYH GXULQJ &21752/ WULDOV &RPSOHWH OLVW RI VWULDWDO UHJLRQV
LQYROYHG LQ KDQG PRYHPHQWV VDFFDGLF H\H PRYHPHQWV DQG FRYHUW YLVXDOVSDWLDO DWWHQWLRQ 7KHVH
UHJLRQV VXUYLYH FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQV DW D WKUHVKROG RI S  
5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH &RUUHFWHG SYDOXH
9LVXDO FRUWH[  YR[HOV  W  S
 YR[HOV  W  S
3ULPDU\ PRWRU FRUWH[  YR[HOV  W  S
 YR[HOV  W  S
,QIHULRU 7HPSRUDO &RUWH[  YR[HOV  W  S
7DEOH  5HJLRQV &RUUHODWLQJ ZLWK +DQG 0RYHPHQWV GXULQJ &21752/ WULDOV &RPSOHWH
OLVW RI UHJLRQV DFWLYH GXULQJ KDQG PRYHPHQWV DW D YR[HOZLVH WKUHVKROG RI S   H[WHQW WKUHVKROG
 YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  

5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH &RUUHFWHG SYDOXH
9LVXDO FRUWH[  YR[HOV  W  S
$QWHULRU SXWDPHQ  YR[HOV  W  S
 YR[HOV  W  S
)URQWDO (\H )LHOGV  YR[HOV  W  S  
 YR[HOV  W  S  
,QIHULRU 3DULHWDO /REXOH  YR[HOV  W  S  
3RVWHULRU &LQJXODWH  YR[HOV  W  S  
7DEOH  5HJLRQV &RUUHODWLQJ ZLWK (\H 0RYHPHQWV GXULQJ &21752/ WULDOV &RPSOHWH OLVW
RI UHJLRQV DFWLYH GXULQJ H\H PRYHPHQWV DW D YR[HOZLVH WKUHVKROG RI S   H[WHQW WKUHVKROG 
YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  
5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH &RUUHFWHG SYDOXH
9LVXDO &RUWH[  YR[HOV    W  S
 YR[HOV    W  S
$QWHULRU ,QVXOD  YR[HOV    W  S
6XSHULRU 3DULHWDO /REXOH  YR[HOV    W  S
 YR[HOV    W  S
5LJKW 7KDODPXV  YR[HOV    W  S
&XOPHQ  YR[HOV    W  S
 YR[HOV    W  S
7DEOH  5HJLRQV &RUUHODWLQJ ZLWK &RYHUW $WWHQWLRQ 6KLIWV GXULQJ &21752/ WULDOV &RP
SOHWH OLVW RI UHJLRQV DFWLYH GXULQJ FRYHUW DWWHQWLRQ VKLIWV DW D YR[HOZLVH WKUHVKROG RI S   H[WHQW
WKUHVKROG  YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  

)LJXUH  6WULDWDO 0DVN $ PDVN EDVHG RQ WKH FDXGDWH DQG SXWDPHQ PDVNV EXLOW LQWR $)1,¶V
GUDZLQJ WRROV ZHUH XVHG IRU JURXS DQDO\VHV UHVWULFWHG WR WKH VWULDWXP
,1 7+( 1(2&257(; $1' 27+(5 68%&257,&$/ 6758&785(6
+DQG PRYHPHQWV 7KH HQWLUH EUDLQ ZDV WKHQ H[DPLQHG IRU UHJLRQV FRUUHODWLQJ VLJQLILFDQWO\ ZLWK
PRYHPHQWV GXULQJ &21752/ WULDOV $V FDQ EH VHHQ LQ )LJXUH  SDJH  DQ H[WHQVLYH UH
JLRQ LQ WKH FRQWUDODWHUDO LH OHIW SULPDU\ PRWRU FRUWH[ ZDV REVHUYHG WR EH FRUUHODWHG ZLWK KDQG
PRYHPHQWV 7KLV DFWLYLW\ UHIOHFWV PXVFXODU FRQWURO RI KDQG PRYHPHQWV DV SDUWLFLSDQWV PRYHG WKH
MR\VWLFN GXULQJ WKH H[SHULPHQW 7KH ILJXUH DOVR VKRZV WKDW WKHUH ZDV H[WHQVLYH YLVXDO DFWLYDWLRQ
GXULQJ KDQG PRYHPHQWV OLNHO\ GXH WR WKH VFUROOLQJ RI WKH VFUHHQ ZKHQ KDQG PRYHPHQWV RFFXUUHG













)LJXUH  6WULDWDO UHJLRQV LQYROYHG LQ KDQG PRYHPHQWV GXULQJ &21752/ WULDOV 3DQHOV
$ % DQG & VKRZ D[LDO FRURQDO DQG VDJJLWWDO YLHZV RI WKH UHJLRQ LQ WKH OHIW SXWDPHQ WKDW ZDV
VWURQJO\ FRUUHODWHG ZLWK KDQG PRYHPHQWV ' $YHUDJH GHFRQYROYHG LPSXOVH UHVSRQVH IXQFWLRQ
LH UHJUHVVLRQ FRHIILFLHQWV IRU DOO YR[HOV GHSLFWHG LQ 3DQHOV $& \D[LV SHUFHQW FKDQJH IURP
DYHUDJH YR[HO DFWLYLW\ IRU DOO PRGHOHG UXQV [D[LV VHFRQGV W  LV WKH WLPH RI WKH FRORU FXH VWLPXOXV
RQVHW >9R[HOZLVH WKUHVKROG S   H[WHQW WKUHVKROG RI  IRU D FRUUHFWHG WKUHVKROG RI S  @
$OWKRXJK LW ZDV SUHGLFWHG WKDW WKHUH ZRXOG EH GLVWLQFW DFWLYDWLRQ RI D UHJLRQ DQDORJRXV WR UHJLRQ
07 GXULQJ WKLV WDVN VXFK DFWLYDWLRQ ZDV QRW REVHUYHG GLVWLQFW IURP JHQHUDO YLVXDO DFWLYDWLRQ 2QH
SRVVLEOH UHDVRQ IRU WKLV ZDV LQVXIILFLHQW SRZHU ± DQG WKXV WKLV K\SRWKHVLV ZLOO EH WHVWHG DJDLQ ZKHQ
WKH IXOO GDWD VHW LV DQDO\]HG LH &21752/ DQG /($51,1* WULDOV FRPELQHG













)LJXUH  6WULDWDO UHJLRQV LQYROYHG LQ H\H PRYHPHQWV GXULQJ &21752/ WULDOV 3DQHOV
$ % DQG & VKRZ D[LDO FRURQDO DQG VDJJLWWDO YLHZV RI WKH UHJLRQ LQ WKH ELODWHUDO DQWHULRU
SXWDPHQ UHJLRQV WKDW ZHUH VWURQJO\ FRUUHODWHG ZLWK KDQG PRYHPHQWV ' $YHUDJH GHFRQYROYHG
LPSXOVH UHVSRQVH IXQFWLRQ LH UHJUHVVLRQ FRHIILFLHQWV IRU DOO YR[HOV GHSLFWHG LQ 3DQHOV $& \
D[LV SHUFHQW FKDQJH IURP DYHUDJH YR[HO DFWLYLW\ IRU DOO PRGHOHG UXQV [D[LV VHFRQGV W  LV
WKH WLPH RI WKH FRORU FXH VWLPXOXV RQVHW >6WULDWDO PDVN 9R[HOZLVH WKUHVKROG S   H[WHQW
WKUHVKROG RI  IRU D FRUUHFWHG WKUHVKROG RI S  @
&RQWLQXLQJ ZLWK H[DPLQLQJ KDQG PRYHPHQWUHODWHG DFWLYLW\ DFWLYDWLRQ RI WKH FRQWUDODWHUDO
OHIW WKDODPXV ZDV REVHUYHG DW D ORZHU WKUHVKROG 7KLV DFWLYDWLRQ LV VKRZQ LQ )LJXUH  SDJH 
7KHVH UHVXOWV VXJJHVW WKDW WKH FRQWURO RI KDQG PRYHPHQWV LQYROYHV DFWLYDWLRQ WKURXJK WKH WKDODPXV













)LJXUH  6WULDWDO UHJLRQV LQYROYHG LQ FRYHUW DWWHQWLRQ VKLIWV GXULQJ &21752/ WULDOV 3DQ
HOV $ % DQG & VKRZ D[LDO FRURQDO DQG VDJJLWWDO YLHZV RI WKH ELODWHUDO DQWHULRU FDXGDWH UHJLRQV
WKDW ZHUH VWURQJO\ FRUUHODWHG ZLWK FRYHUW VKLIWV RI YLVXDOVSDWLDO DWWHQWLRQ '$YHUDJH GHFRQYROYHG
LPSXOVH UHVSRQVH IXQFWLRQ LH UHJUHVVLRQ FRHIILFLHQWV IRU DOO YR[HOV GHSLFWHG LQ 3DQHOV $& \
D[LV SHUFHQW FKDQJH IURP DYHUDJH YR[HO DFWLYLW\ IRU DOO PRGHOHG UXQV [D[LV VHFRQGV W  LV WKH
WLPH RI WKH FRORU FXH VWLPXOXV RQVHW >6WULDWDO PDVN 9R[HOZLVH WKUHVKROG S   H[WHQW WKUHVKROG
RI  IRU D FRUUHFWHG WKUHVKROG RI S  @
6DFFDGLF H\HPRYHPHQWV 1H[W ZKROHEUDLQ DFWLYLW\ ZDV H[DPLQHG IRU VDFFDGLF H\H PRYHPHQWV
$V FDQ EH VHHQ LQ )LJXUH  SDJH  WKHUH ZDV ELODWHUDO DFWLYDWLRQV RI D ODWHUDO IURQWDO FRUWLFDO
UHJLRQ RQ ERWK VLGHV RI WKH EUDLQ ZKLFK LV D OLNHO\ KXPDQ DQDORJXH RI WKH IURQWDO H\H ILHOGV LH

)() $OVR VKRZQ LQ SDQHO ' RI WKDW ILJXUH LV ZHDN DFWLYDWLRQ WKDW ZDV REVHUYHG LQ WKH VXEVWDQWLD
QLJUD $FWLYLW\ LQ WKH VXEVWDQWLD QLJUD LV FRQVLVWHQW ZLWK SULRU QHXURVFLHQWLILF NQRZOHGJH VKRZLQJ
WKDW WKH VXEVWDQWLD QLJUD SDUV UHWLFXODWD LV LQYROYHG LQ WKH FRQWURO RI VDFFDGLF H\H PRYHPHQWV E\ WKH
EDVDO JDQJOLD 7KH UHVROXWLRQ RI WKH SUHVHQW VFDQV LV QRW VXIILFLHQW WR GLVWLQJXLVK EHWZHHQ DFWLYDWLRQV
LQ SDUV UHWLFXODWD DQG SDUV FRPSDFWD 
&RYHUW DWWHQWLRQ VKLIWV )LQDOO\ ZKROHEUDLQ DFWLYLW\ ZDV H[DPLQHG IRU FRYHUW DWWHQWLRQ VKLIWV
$V FDQ EH VHHQ LQ )LJXUH  SDJH  FRYHUW DWWHQWLRQ VKLIWV DFWLYDWHG ELODWHUDO H[WUDVWULDWH
FRUWH[ %$  PHGLDO VXSHULRU SDULHWDO OREXOH DQG SUHFXQHXV $ VPDOOHU IURQWDO H\H ILHOG UHJLRQ
LH VPDOOHU FRPSDUHG WR VDFFDGLF H\H PRYHPHQWV ZDV DOVR DFWLYH GXULQJ DWWHQWLRQ VKLIWV DW D
ORZHU YR[HOZLVH WKUHVKROG RI S   XQFRUUHFWHG 7KLV YR[HO FOXVWHU VXUYLYHG D ZKROHEUDLQ
FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQV DW S  
 029(0(17  5(,1)25&(0(17 02'(/
7KH GDWD IURP ERWK WKH &21752/ LH QRQUHLQIRUFHG DQG /($51,1* LH UHLQIRUFHG SRUWLRQV
RI WKH H[SHULPHQW ZHUH H[DPLQHG IRU VLJQDOV FRUUHODWLQJ WR PRYHPHQWV DV ZHOO DV DFWLRQVSHFLILF
SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURUV 7R FRPSOHWH WKLV DQDO\VLV WKH VHTXHQFH RI ELQDU\
HYHQWV IRU KDQG PRYHPHQWV VDFFDGLF H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV ZHUH JHQHUDWHG
IRU WKH HQWLUH OHQJWK RI WKH H[SHULPHQW 7KHQ DV GHVFULEHG LQ WKH WH[W RI WKH SUHFHGLQJ DUWLFOH DQ
5/ DJHQW ZDV SURYLGHG WKH VDPH VHTXHQFH RI VWLPXOL PRYHPHQWV DQG UHLQIRUFHPHQW VHHQ E\ HDFK
KXPDQ SDUWLFLSDQW
7KHVH WLPH VHULHV ZHUH XVHG DV LQSXWV IRU D GHFRQYROXWLRQ DQDO\VLV SHUIRUPHG IRU  WLPH SRLQWV
LH 75V LQ WKH WLPH UDQJH V DURXQG WKH WLPH RI WKH PRYHPHQW HYHQW *LYHQ VKDSHV RI WKH
LPSXOVHUHVSRQVH IXQFWLRQV REWDLQHG LQ WKH PRYHPHQWRQO\ PRGHO DQDO\VLV RQO\  EHWDZHLJKWV LQ
WKH WLPH UDQJH V UHODWLYH WR WKH RQVHW RI WKH HYHQW ZHUH VXPPHG WR FUHDWH D YR[HOZLVH EHWD PDS
IRU HDFK W\SH RI PRYHPHQW HYHQW )RU SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU HYHQWV  EHWD
ZHLJKWV LQ WKH WLPH UDQJH VV ZHUH VXPPHG WR FUHDWH YR[HOZLVH EHWD PDSV IRU DFWLRQVSHFLILF
SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURU )RU DQ LOOXVWUDWLRQ RI WKH VXPPDWHG FRHIILFLHQWV ZLWK
UHVSHFW WR WKH HYHQWV RI LQWHUHVW VHH )LJXUH  RQ SDJH  7KLV DQDO\VLV WKHUHIRUH \LHOGHG PDSV
FURVVLQJ WKUHH DFWLRQ PRGDOLWLHV ZLWK WKUHH UHVSRQVHV KDQG VDFFDGH DWWHQWLRQ ; PRYHPHQW

SRVLWLYH UHZDUGSUHGLFWLRQ HUURU QHJDWLYH UHZDUGSUHGLFWLRQ HUURU (DFK PDS ZDV DJDLQ VSDWLDOO\
VPRRWKHGZLWK D PP IXOOZLGWK KDOIPD[*DXVVLDQ ILOWHU 7KHVHPDSVZHUH WKHQ WUDQVIRUPHG XVLQJ
$176 DV GHWDLOHG LQ $SSHQGL[ $ WR EULQJ WKHP LQWR D FRPPRQ VSDFH )LQDOO\ D JURXSOHYHO WWHVW
ZDV SHUIRUPHG DFURVV WKH SDUWLFLSDQWV¶ PDSV WR UHYHDO DUHDV FRUUHODWHG WR WKH PRYHPHQWV
,1 7+( 675,$780 $OWKRXJK WKH SUHYLRXV PRYHPHQWRQO\ DQDO\VLV H[DPLQHG VLJQDOV FRUUHODW
LQJZLWKPRYHPHQW LH 6HFWLRQ  RQ SDJH  WKH0RYHPHQW5HLQIRUFHPHQW DQDO\VLV DOORZHG
DQ H[DPLQDWLRQ RI PRYHPHQWUHODWHG DFWLYDWLRQ DV ZHOO 7KHUH ZHUH VHYHUDO UHDVRQV WR H[DPLQH
PRYHPHQWUHODWHG DFWLYLW\ LQ WKLV DQDO\VLV 2QH UHDVRQ LV WKDW LW PLJKW UHYHDO D FOHDUHU SLFWXUH RI
PRYHPHQW UHODWHG DFWLYLW\ WKDQ ZDV SRVVLEOH GXULQJ WKH &21752/ SRUWLRQV RI WKH H[SHULPHQW EH
FDXVH PRUH WULDOV ZHUH XVHG 7KH UHVXOWV RI WKLV DQDO\VLV DUH GLVSOD\HG LQ )LJXUH  SDJH 
7KHVH UHVXOWV VKRZ WKDW PRYHPHQWUHODWHG DFWLYLW\ GXULQJ &21752//($51,1* ZDV UHODWLYHO\
FRQVLVWHQW DOWKRXJK PRUH VSDWLDOO\ IRFXVHG FRPSDUHG WR WKH UHVXOWV RI WKH DQDO\VLV GXULQJ &21
752/ RQO\ 7KH IRUP RI WKH KHPRG\QDPLF UHVSRQVH IXQFWLRQV IRU HDFK UHJLRQ RI LQWHUHVW ZHUH
FRPSXWHG IURP WKH UHJUHVVLRQ EHWD FRHIILFLHQWV IURP WKH GHFRQYROXWLRQ DQDO\VLV 7KHVH DUH SORW
WHG LQ )LJXUH  SDJH  1RWH WKDW LQ WKLV ILJXUH WKH XQLWV RI WKH \D[LV DUH LQ SHUFHQW FKDQJH
IURP EDVHOLQH IRU HDFK HYHQW RI LQWHUHVW LH VLJQDO FKDQJH IRU HDFK PRYHPHQW RU IRU RQH FHQW
 RI UHZDUGSUHGLFWLRQ HUURU
6WULDWDO UHJLRQV FRUUHODWLQJ ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDOV ZHUH WKHQ H[DPLQHG
7KH UHVXOWV RI WKLV DQDO\VLV DUH VKRZQ LQ )LJXUHV   DQG  $V FDQ EH VHHQ LQ )LJXUH 
WKH SRVLWLYH UHLQIRUFHPHQW RI KDQG PRYHPHQWV FRUUHODWHG ZLWK WKH OHIW SXWDPHQ DQG WKH DQWHULRU
FDXGDWH )LJXUH  VKRZV WKDW WKH SRVLWLYH UHLQIRUFHPHQW RI VDFFDGLF H\H PRYHPHQWV FRUUHODWHG
ERWK WKH GRUVDO FDXGDWH DQG WKH DQWHULRU FDXGDWH )LJXUH  VKRZV WKDW WKH SRVLWLYH UHLQIRUFHPHQW




)LJXUH  :KROHEUDLQ FRUUHODWLRQV IRU KDQG PRYHPHQWV GXULQJ &21752/ WULDOV $
$Q D[LDO YLHZ WKURXJK WKH GRUVDO FHUHEUDO FRUWH[ VXSSRUWLQJ WKH K\SRWKHVLV WKDW WKHUH ZDV VLJQLIL
FDQW H[WHQVLYH DFWLYDWLRQ LQ WKH FRQWUDODWHUDO OHIW SULPDU\ PRWRU FRUWH[ FRUUHODWLQJ ZLWK ULJKWKDQG
PRYHPHQWV  YR[HOV SHDN WYDOXH  FRRUGLQDWH PP PP PP %$Q D[LDO YLHZ
WKURXJK YHQWUDORFFLSLWDO FHUHEUDO FRUWH[ VKRZLQJ WKDW WKHUH ZHUH H[WHQVLYH YLVXDO DFWLYDWLRQV OLNHO\
GXH WR YLVXDO LQSXW GXULQJ WKH WDVN  YR[HOV RQ OHIW SHDN WYDOXH  FRRUGLQDWHV PP 
PP PP  YR[HOV RQ ULJKW SHDN WYDOXH  FRRUGLQDWH PP PP PP & $
FRURQDO YLHZ RI WKH DFWLYDWLRQV VKRZQ LQ SDQHO $ ' $ VDJJLWWDO YLHZ VKRZLQJ ERWK PRWRU WRS
DQG YLVXDO ERWWRP DFWLYDWLRQV >9R[HOZLVH WKUHVKROG ZDV S   DQG FOXVWHU H[WHQW WKUHVKROG




)LJXUH  /HIW 7KDODPXV $FWLYDWLRQ IRU 5LJKW+DQG 0RYHPHQWV $W D OHVV FRQVHUYDWLYH
WKUHVKROG WKH OHIW WKDODPXV ZDV FRUUHODWHG ZLWK ULJKW KDQG PRYHPHQWV DV LQGLFDWHG LQ WKHVH $
D[LDO % FRURQDO DQG & VDJJLWWDO LPDJHV E\ D ZKLWH FLUFOH 7KH SHDN YR[HO RI WKLV YR[HO
UHJLRQ ZDV ORFDWHG DW PP PP P ZLWK W   DQG GLG QRW VXUYLYH FRUUHFWLRQV IRU




)LJXUH  :KROHEUDLQ FRUUHODWLRQV IRU H\H PRYHPHQWV GXULQJ &21752/ WULDOV 7KHUH
ZHUH H[WHQVLYH YLVXDO DFWLYDWLRQV OLNHO\ GXH WR YLVXDO LQSXW GXULQJ WKH WDVN QRW VKRZQ $%&
$V K\SRWKHVL]HG ELODWHUDO IURQWDO H\H ILHOG DFWLYDWLRQV ZHUH REVHUYHG  YR[HOV RQ WKH OHIW
SHDN WYDOXH  FRRUGLQDWH PP PP PP  YR[HOV RQ WKH ULJKW SHDN WYDOXH 
FRRUGLQDWH PPPPP ,Q DGGLWLRQ OLNHO\ UHIOHFWLQJ WKH LQYROYHPHQW RI FRYHUW DWWHQWLRQ
LQ VDFFDGLF H\H PRYHPHQWV D UHJLRQ LQ WKH VXSHULRU SDULHWDO OREXOH ZDV DOVR DFWLYH  YR[HOV RQ
WKH ULJKW SHDN WYDOXH  FRRUGLQDWH PPPPPP 5HJLRQV VKRZQ LQ $& VXUYLYHG
FRUUHFWLRQV IRU PXOWLSOH FRPSDULVRQV DW S   >)RU 3DQHOV $& YR[HOZLVH WKUHVKROG ZDV VHW
WR S   DQG FOXVWHU H[WHQW WKUHVKROG ZDV  YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  @ '
$FWLYDWLRQ LQ VXEVWDQWLD QLJUD ZDV DOVR REVHUYHG IRU H\H PRYHPHQWV  YR[HOV DW S   SHDN




)LJXUH  :KROHEUDLQ FRUUHODWLRQV IRU FRYHUW DWWHQWLRQ VKLIWV GXULQJ &21752/ WULDOV
$ $Q D[LDO YLHZ WKURXJK GRUVDO FHUHEUDO FRUWH[ VKRZV UHJLRQV LQ WKH VXSHULRU SDULHWDO OREXOH
LH SUHFXQHXV WKDW ZHUH LQYROYHG LQ FRYHUW VKLIWV RI YLVXDOVSDWLDO DWWHQWLRQ UHSRUWHG LQ WDEOH 
SDJH  % 6DPH DV $ EXW DW D OHVV FRQVHUYDWLYH YR[HOZLVH WKUHVKROG RI S   VRPH DFWLYD
WLRQ RI WKH IURQWDO H\H ILHOGV )() LQ WKH ULJKW KHPLVSKHUH ZDV DOVR VHHQ IRU FRYHUW DWWHQWLRQ VKLIWV
&' &RURQDO DQG D[LDO YLHZV VKRZLQJ ELODWHUDO FHUHEHOODU DFWLYDWLRQ FRUUHODWLQJ ZLWK DWWHQWLRQ
VKLIWV ,Q DGGLWLRQ WKHUH ZHUH H[WHQVLYH YLVXDO DFWLYDWLRQV OLNHO\ GXH WR YLVXDO LQSXW GXULQJ WKH WDVN
QRW YLVLEOH LQ WKHVH SDUWLFXODU YLHZV >9R[HOZLVH WKUHVKROG IRU $ & DQG ' ZDV VHW WR S  
DQG FOXVWHU H[WHQW WKUHVKROG ZDV VHW WR  YR[HOV IRU D FRUUHFWHG WKUHVKROG RI S  @

5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH
+DQG 0RYHPHQWV
YR[HOZLVH S  
/HIW 3XWDPHQ  YR[HOV  W 
(\H 0RYHPHQWV
YR[HOZLVH S  
$QWHULRU 6WULDWXP  YR[HOV  W 
'RUVDO &DXGDWH   
$WWHQWLRQ 6KLIWV
YR[HOZLVH S  
$QWHULRU 3XWDPHQ  YR[HOV  W 
$QWHULRU &DXGDWH  YR[HOV  W 
7DEOH  0RYHPHQW 6LJQDOV LQ WKH 6WULDWXP &RPSOHWH OLVW RI VWULDWDO UHJLRQV LQYROYHG LQ KDQG
PRYHPHQWV VDFFDGLF H\H PRYHPHQWV DQG FRYHUW YLVXDOVSDWLDO DWWHQWLRQ GXULQJ ERWK &21752/





)LJXUH  0RYHPHQWUHODWHG 6WULDWDO $FWLYLW\ GXULQJ HQWLUH H[SHULPHQW $OWKRXJK )LJ
XUHV    VKRZ PRYHPHQW VLJQDOV ZLWKRXW WKH SUHVHQFH RI UHLQIRUFHPHQW LW ZDV LQWHUHVWLQJ
WR DOVR FRPSDUH WKRVH UHVXOWV WR PRYHPHQW VLJQDOV GHFRQYROYHG DFURVV WKH HQWLUH H[SHULPHQW LQ
FOXGLQJ WULDOV ZLWK UHLQIRUFHPHQW ,QWHUHVWLQJO\ WKH UHVXOWV DUH TXDOLWDWLYHO\ VLPLODU DOWKRXJK QRW
LGHQWLFDO 7KH GLVFUHSDQFLHV PD\ LQGLFDWH PHFKDQLVWLF GLIIHUHQFHV LQ EDVDO JDQJOLD IXQFWLRQ GH
SHQGLQJ RQ ZKHWKHU WKH\ DUH FRQWUROOLQJ PRYHPHQWV EDVHG RQ FXHV RU EDVHG RQ UHZDUG SUHGLFWLRQV
$% $[LDO DQG VDJLWWDO YLHZV VKRZLQJ ULJKWKDQG PRYHPHQW VLJQDOV LQ WKH OHIW SXWDPHQ &'
&RURQDO DQG VDJLWWDO YLHZV D[LDO YLHZ LQVHW VKRZLQJ DQWHULRUGRUVDO H[WHQW RI D SXWDPHQ UHJLRQ
LQYROYHG LQ VDFFDGLF H\H PRYHPHQWV ()$[LDO DQG FRURQDO YLHZV RI FDXGDWH DQG SXWDPHQ UHJLRQV


























































































































































)LJXUH  'HFRQYROYHG ,PSXOVH 5HVSRQVH )XQFWLRQV 7KLV ILJXUH SORWV WKH FRPSXWHG VKDSHV
RI WKH %2/' UHVSRQVHV IRU PRYHPHQWV DQG SRVLWLYH UHZDUGSUHGLFWLRQ HUURUV IRU WKH YR[HOV LQ WKH
52,V WKDW FRUUHODWHG ZLWK WKH VLJQDO RI LQWHUHVW ;D[LV LV WLPH  PDUNV WKH RQVHW RI PRYHPHQW RU
UHLQIRUFHPHQW <D[LV XQLWV DUH EHWD LH SHUFHQW FKDQJH IURP EDVHOLQH IRU RQH PRYHPHQW HYHQW




)LJXUH  6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 5HLQ
IRUFHG 5LJKW+DQG0RYHPHQWV $%7KH OHIW SXWDPHQ ZDV FRUUHODWHG ZLWK WKH XQSUHGLFWHG SRV
LWLYH UHLQIRUFHPHQW RI ULJKW KDQG PRYHPHQWV & 6RPH QHJDWLYH FRUUHODWLRQ ZDV DOVR REVHUYHG LQ
YHQWUDO SXWDPHQ ' $FWLYDWLRQ LQ DQWHULRU FDXGDWH 7KLV DFWLYDWLRQ VXJJHVWV WKDW VRPH DVSHFW RI
DWWHQWLRQ ZDV UHLQIRUFHG ZKHQ KDQG PRYHPHQWV ZHUH UHLQIRUFHG LH PDLQWDLQLQJ FRYHUW DWWHQWLRQ




)LJXUH  6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 6DFFDGLF
(\H 0RYHPHQWV $% ' $[LDO OHIW DQG ULJKW VDJJLWWDO YLHZV VKRZLQJ GRUVDO FDXGDWH DFWLYDWLRQ
ZKHQ VDFFDGLF H\H PRYHPHQWV ZHUH UHLQIRUFHG & $[LDO YLHZ VKRZLQJ DQWHULRU FDXGDWH DFWLYD




)LJXUH  3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU IRU &RYHUW $WWHQWLRQ 6KLIWV $QWHULRU FDXGDWH
ZDV SRVLWLYHO\ FRUUHODWHG ZLWK ERWK SRVLWLYH DQG QHJDWLYH UHZDUGSUHGLFWLRQ HUURUV ZKHQ FRYHUW










)LJXUH  &RPSDULQJ 3HDN $FWLYDWLRQV IRU 3RVLWLYH 5HZDUG3UHGLFWLRQ (UURU RI &RYHUW
$WWHQWLRQ YHUVXV 6DFFDGLF (\H 0RYHPHQWV ZKLFK DUH LQ $QWHULRU YHUVXV 'RUVDO &DXGDWH 5H




)LJXUH  6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 1HJDWLYH 5HZDUG3UHGLFWLRQ (UURU 6LJQDOV IRU
5LJKW+DQG 0RYHPHQWV $' $[LDO 6DJJLWWDO $[LDO DQG &RURQDO YLHZV VKRZLQJ UHJLRQV WKDW
ZHUH FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDOV ZKHQ ULJKWKDQG PRYHPHQWV ZHUH
UHLQIRUFHG 1RWH WKDW WKH SXWDPHQ UHJLRQV DUH YHU\ FORVH WR DQG DSSHDU WR RYHUODS ZLWK WKH JOREXV
SDOOLGXV SDUWLFXODUO\ RQ WKH ULJKWLSVLODWHUDO VLGH $ VPDOO UHJLRQ ZDV ORFDWHG LQ WKH DQWHULRU FDX




)LJXUH  6WULDWDO 5HJLRQV &RUUHODWLQJ ZLWK 1HJDWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 6DF
FDGLF (\H 0RYHPHQWV $ GLIIXVH VHW RI UHJLRQV ZHUH FRUUHODWHG ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ
HUURU VLJQDOV ZKHQ H\H PRYHPHQWV ZHUH UHLQIRUFHG 7KHVH UHJLRQV ZHUH ORFDWHG LQ WKH DQWHULRU




)LJXUH  6WULDWDO 5HJLRQ &RUUHODWLQJ ZLWK 1HJDWLYH 5HZDUG3UHGLFWLRQ (UURU IRU 5HLQ
IRUFHG &RYHUW $WWHQWLRQ 6KLIWV $ VLQJOH UHJLRQ LQ WKH KHDG RI WKH FDXGDWH ZDV FRUUHODWHG VWURQJO\
ZLWK QHJDWLYH UHZDUGSUHGLFWLRQ HUURU VLJQDOV 6HH 7DEOH  RQ SDJH 

5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH
3RVLWLYH +DQG 0YW
YR[HOZLVH S  
$QWHULRU &DXGDWH  YR[HOV  W 
 YR[HOV  W 
/HIW 3XWDPHQ  YR[HOV  W 
/HIW 3XWDPHQ  YR[HOV  W 
3RVLWLYH (\H 0YW
YR[HOZLVH S  
$QWHULRU &DXGDWH  YR[HOV  W 
 YR[HOV  W 
'RUVDO &DXGDWH  YR[HOV  W 
 YR[HOV  W 
3RVLWLYH $WW 6KLIW
YR[HOZLVH S  
$QWHULRU 	 'RUVDO &DXGDWH  YR[HOV  W 
$QWHULRU &DXGDWH  YR[HOV  W 
7DEOH  3RVLWLYH 5HZDUG3UHGLFWLRQ (UURUV LQ 6WULDWXP &RPSOHWH OLVW RI VWULDWDO UHJLRQV
LQYROYHG LQ WKH SRVLWLYH UHLQIRUFHPHQW RI KDQG PRYHPHQWV VDFFDGLF H\H PRYHPHQWV DQG FRYHUW
YLVXDOVSDWLDO DWWHQWLRQ VKLIWV GXULQJ ERWK &21752/ DQG /($51,1* WULDOV $VWHULVNV  LQGLFDWH
UHJLRQV H[SHFWHG WR EH LQYROYHG JLYHQ SULRU DQDWRPLFDO NQRZOHGJH ([WHQW WKUHVKROGV IRU KDQG
PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV ZHUH   DQG  YR[HOV UHVSHFWLYHO\
1RWH WKDW EHFDXVH WKH GRUVDO FDXGDWH LV D PXFK VPDOOHU UHJLRQ D VPDOOHU H[WHQW WKUHVKROG ZDV XVHG
WR WHVW IRU SUHGLFWHG DFWLYDWLRQ WKHUH $FWLYDWLRQ ZKHQ DWWHQWLRQ VKLIWV ZHUH UHLQIRUFHG H[WHQGHG




)LJXUH  07 $FWLYDWLRQ &RUUHODWLQJ ZLWK 0RYHPHQW GXULQJ 5LJKW+DQG 0RYHPHQW 7UL
DOV 7KH GDWD LQ WKLV ILJXUH FRQILUP WKH K\SRWKHVLV WKDW WKH VFUROOLQJ RI WKH VWLPXOXV GXULQJ KDQG
PRYHPHQW WULDOV ZRXOG UHVXOW LQ YLVXDO PRWLRQ VLJQDOV LQ SXWDWLYH KXPDQ DUHD 07 LQ WKH PLGGOH
WHPSRUDO FRUWH[ $ $[LDO YLHZ VKRZLQJ D GLVWLQFW UHJLRQ LQ ULJKW PLGGOH WHPSRUDO J\UXV DUURZ
FRUUHODWLQJ ZLWK KDQG PRYHPHQW UHJUHVVRUV 7KLV UHJLRQ FRQWDLQHG  YR[HOV SHDN DW PP 
PP PP WYDOXH  7KHUH ZDV DOVR D VPDOOHU UHJLRQ RQ WKH FRQWUDODWHUDO VLGH FRQWDLQLQJ
 YR[HOV SHDN DW PP PP PP WYDOXH  6PDOOHU KDQG PRYHPHQWUHODWHG DFWL
YDWLRQV FRUUHVSRQGLQJ WR ULJKWKDQG PRYHPHQWV FDQ VWLOO EH VHHQ DW WKLV FRQVHUYDWLYH WKUHVKROG LQ
WKH OHIW SXWDPHQ DQG WKDODPXV 7KHUH ZDV DOVR H[WHQVLYH DFWLYDWLRQ LQ YLVXDO FRUWH[ JHQHUDOO\ %
&RURQDO YLHZ VKRZLQJ SXWDWLYH DUHD 07 /HIW SULPDU\ PRWRU FRUWH[ DFWLYDWLRQ FDQ DOVR EH VHHQ DW
WKH WRS RI WKH EUDLQ & 6DJJLWWDO YLHZ 6HH WH[W RQ SDJH  >9R[HOZLVH S  @

5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH
1HJDWLYH +DQG 0YW
YR[HOZLVH S  
/HIW 3XWDPHQ  YR[HOV  W 
1XFOHXV $FFXPEHQV  YR[HOV  W 
5LJKW 3XWDPHQ  YR[HOV  W 
1HJDWLYH (\H 0YW
YR[HOZLVH S  
$QWHULRU &DXGDWH  YR[HOV  W 
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LQYROYHG LQ WKH QHJDWLYH UHLQIRUFHPHQW RI KDQG PRYHPHQWV VDFFDGLF H\H PRYHPHQWV DQG FRYHUW
YLVXDOVSDWLDO DWWHQWLRQ VKLIWV GXULQJ ERWK &21752/ DQG /($51,1* WULDOV $VWHULVNV  LQGLFDWH
UHJLRQV H[SHFWHG WR EH LQYROYHG JLYHQ SULRU DQDWRPLFDO NQRZOHGJH ([WHQW WKUHVKROGV IRU KDQG
PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV ZHUH   DQG  YR[HOV UHVSHFWLYHO\
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ZKHQ RQO\ WKH &21752/ WULDOV ZHUH DQDO\]HG WKHUH ZDV QR GLVWLQFW UHJLRQ LQ WKH PLGGOH WHPSRUDO
FRUWH[ WKDW FRUUHODWHG ZLWK WKH RQVFUHHQ VFUROOLQJ GXH WR MR\VWLFNKDQG PRYHPHQWV DOWKRXJK VXFK
D UHJLRQ ZDV K\SRWKHVL]HG WR EH DFWLYH :LWK WKH LQFUHDVHG QXPEHU RI WULDOV DQG WKHUHIRUH SRZHU
REWDLQHG E\ DQDO\]LQJ ERWK WKH &21752/ DQG /($51,1* WULDOV ZKROHEUDLQ DFWLYLW\ ZDV DJDLQ
H[DPLQHG GXULQJ KDQG PRYHPHQWV WR UHWHVW WKH K\SRWKHVLV 7KH SDWWHUQ RI DFWLYDWLRQ LV VKRZQ
LQ )LJXUH  RQ SDJH  ([DPLQLQJ WKHVH GDWD VKRZHG D ELODWHUDO UHJLRQ RI PLGGOH WHPSRUDO
FRUWH[ WKDW FRUUHODWHG ZLWK KDQG PRYHPHQWV 7KHVH GDWD VXSSRUW WKH K\SRWKHVLV DV WKLV UHJLRQ
OLNHO\ UHIOHFWV SHUFHSWLRQ RI YLVXDO PRWLRQ ZKHQ WKH VWLPXOXV VFUROOHG RQ WKH VFUHHQ
 7$6.5(/$7(' $&7,9$7,216
,Q DGGLWLRQ WR SHUIRUPLQJ PRGHOEDVHG DQDO\VHV IRU GHWHFWLQJ WKH UHJLRQV LQYROYHG LQ PRYHPHQW
DQG UHZDUGSUHGLFWLRQ HUURUV LW ZDV DOVR LQWHUHVWLQJ WR H[DPLQH EUDLQ UHJLRQV WKDW ZHUH LQYROYHG
LQ WKH WDVN JHQHUDOO\ 7R WKDW HQG WKH GDWD IURP HDFK TXDUWHU RI WKH H[SHULPHQW ZHUH DYHUDJHG
DQG D ZKROHEUDLQ YR[HOZLVH $129$ ZDV SHUIRUPHG $V WDEXODWHG LQ 7DEOH  DQG VKRZQ LQ
)LJXUH  WKHUH ZHUH WKUHH UHJLRQV ZKRVH YDULDQFH ZDV H[SODLQHG E\ TXDUWHU LH E\ GLYLGLQJ
WKH WRWDO QXPEHU RI WULDOV LQWR TXDUWHUV DV D IDFWRU 7KH PLGGOH IURQWDO J\UXV LH %URGPDQQ DUHD 
ZDV WKH ODUJHVW VLJQLILFDQW UHJLRQ 7KLV UHJLRQ ERUGHUV UHJLRQV RI WKH GRUVDOODWHUDO SUHIURQWDO FRUWH[
LH %URDGPDQQ DUHD  DQG WKH FLQJXODWH J\UXV DQG DSSHDUV WR EH LQYROYHG LQ XQFHUWDLQW\ GXULQJ
HDUO\ GHFLVLRQPDNLQJ WDVNV 9RO] HW DO  ,W LV DOVR SRVVLEOH WKDW WKLV UHJLRQ LV LQYROYHG LQ
PDLQWDLQLQJ WKH SRVVLEOH RSWLRQV WKDW KDYH EHHQ UHFHQWO\ VHOHFWHG RU WKRVH WKDW VKRXOG EH H[SORUHG LQ
WKH QHDU IXWXUH ,I VR LW VKRXOG EH WKH FDVH WKDW WKLV UHJLRQ LV PRUH DFWLYH HDUOLHU LQ OHDUQLQJ FRPSDUHG
WR ODWHU LQ OHDUQLQJ $ SRVWKRF H[DPLQDWLRQ RI WKH SUHVHQW GDWD FRQILUPV WKLV LGHD SRVWKRF SDLUZLVH
FRPSDULVRQV FRQILUPHG WKDW PHDQ DFWLYLW\ ZDV KLJKHU GXULQJ WKH ILUVW TXDUWHU FRPSDUHG WR VHFRQG
TXDUWHU SHDN WYDOXH   S   DQG WKLUG TXDUWHU FRPSDUHG WR WKH IRXUWK TXDUWHU SHDN
WYDOXH   S  
$QRWKHU DUHD WKDW IROORZHG D VLPLODU SDWWHUQ WR WKH SUHIURQWDO FRUWLFDO DUHDVZDV WKH ULJKW IXVLIRUP
J\UXV ILUVW TXDUWHU JUHDWHU WKDQ VHFRQG SHDN WYDOXH   S   WKLUG TXDUWHU JUHDWHU WKDQ
IRXUWK SHDN WYDOXH   S   7KH LQFUHDVHG DFWLYDWLRQ RI WKH ULJKW IXVLIRUP J\UXV NQRZQ

WR EH LQYROYHG LQ SURFHVVLQJ RI YLVXDO FRQILJXUDO LQIRUPDWLRQ VXFK DV IDFHV DQG KRXVHV PD\ UHIOHFW
LQFUHDVHG DWWHQWLRQ WR WKH VSDWLDO FRQILJXUDWLRQ RI WKH RQVFUHHQ VWLPXOL WR KHOS HQFRGH DQGRU PDS
WKH VWLPXOL WR WKH DFWLRQV WKDW DUH EHLQJ UHLQIRUFHG +DUULV DQG $JXLUUH 
$OWKRXJK WKH $129$ DOVR IRXQG WKH DQWHULRU FLQJXODWH FRUWH[ WR EH LQYROYHG WKH SDWWHUQ LQ WKH
DQWHULRU FLQJXODWH FRUWH[ ZDV GLIIHUHQW FRPSDUHG WR WKH SUHIURQWDO DQG IXVLIRUP DUHDV 7KHUH ZDV
D RQO\ VLJQLILFDQW GHFUHDVH LQ DFWLYDWLRQ IURP ILUVW TXDUWHU WR WKH VHFRQG TXDUWHU RI WKH WDVN SHDN
WYDOXH   S   EXW QRW IURP WKH WKLUG WR WKH IRXUWK DFWLYDWLRQ GLG QRW VXUYLYH FRUUHFWLRQ
IRU PXOWLSOH FRPSDULVRQ 7KLV SDWWHUQ PD\ UHIOHFW LQFUHDVHG UHVSRQVH FRQIOLFW DW WKH EHJLQQLQJ RI
HDFK UXQ LH EHWZHHQ DFWLRQ FKRLFHV HDUO\ LQ OHDUQLQJ SRVVLEO\ EHFDXVH QRW HQRXJK HYLGHQFH IURP
UHZDUGSUHGLFWLRQ HUURUV KDV DFFXPXODWHG WR PDNH RQH UHVSRQVH FOHDUO\ EHWWHU RU ZRUVH WKDQ WKH
RWKHUV +ROUR\G DQG &ROHV  <HXQJ HW DO  ZKHUHDV GXULQJ WKH VHFRQG KDOI SDUWLFLSDQWV
GLG QRW KDYH VWURQJ UHVSRQVH FRQIOLFW WKH\ HLWKHU VHOHFWHG DFWLRQV EDVHG RQ SUHYLRXV UHLQIRUFHPHQW
KLVWRU\ RU EDVHG RQ QHZO\ UHFHLYHG UHLQIRUFHPHQW
5HJLRQ 6L]H 3HDN &RRUG 3HDN WYDOXH &RUUHFWHG SYDOXH
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   S  
5LJKW 0LGGOH )XVLIRUP *\UXV  YR[HOV  )   S  
$QWHULRU &LQJXODWH  YR[HOV  )   S  
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)LJXUH  :KROH%UDLQ $129$ ZLWK 4XDUWHU RI /HDUQLQJ 7DVN DV D )DFWRU $FWLYDWLRQ
VKRZV UHJLRQV DFWLYH ZKHQ QHZ FRQWLQJHQFLHV DUH EHLQJ OHDUQHG FRPSDUHG WR DIWHU SHUIRUPDQFH
UHDFKHG DV\PSWRWH $% $FWLYDWLRQ LQ PHGLDO IURQW J\UXV PD\ UHIOHFW LQFUHDVHG PHPRU\ GH
PDQGV RU XQFHUWDLQW\ &' $FWLYDWLRQ LQ DQWHULRU FLQJXODWH FRUWH[ PD\ UHIOHFW LQFUHDVHG UHVSRQVH
FRQIOLFW () $FWLYDWLRQ LQ ULJKW IXVLIRUP J\UXV ZKLFK PD\ UHIOHFW LQFUHDVHG DWWHQWLRQ WR WKH VSD
WLDO DUUDQJHPHQW RI WKH VWLPXOL 6HH WH[W RQ SDJH  IRU GHWDLOV >9R[HOZLVH S   DOO UHJLRQV
FRUUHFWHG DW S  @
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7KH UHVXOWV RI WKH H[SHULPHQWV VKRZHG WKDW WKH EDVDO JDQJOLD DUH LQYROYHG LQ QRW RQO\ WKH FRQWURO RI
SK\VLFDO DFWLRQV EXW PRUH JHQHUDOO\ LQ WKH FRQWURO DQG 5/ RI ERWK SK\VLFDO DQG FRJQLWLYH DFWLRQV
7KH UHVXOWV DOVR GHPRQVWUDWHG WKDW DFWLRQVSHFLILF UHLQIRUFHPHQW VLJQDOV DUH ORFDOL]HG GLIIHUHQWLDOO\
GHSHQGLQJ RQ WKH DFWLRQ WKDW LV EHLQJ UHLQIRUFHG $ FRPSDULVRQ RI WKHVH DFWLYDWLRQV ZLWKPRYHPHQW
UHODWHG DFWLYDWLRQV GHPRQVWUDWHG WKDW WKH\ ZHUH URXJKO\ FRORFDOL]HG WR WKH VDPH UHJLRQV RI WKH
VWULDWXP UHJLRQV NQRZQ WR UHFHLYH LQSXW IURP WKH FRUWLFDO DUHDV FRQWUROOLQJ WKRVH DFWLRQV
$V PHQWLRQHG LQ WKH LQWURGXFWLRQ FKDSWHU WKHUH DUH OLNHO\ PDQ\ IRUPV RI OHDUQLQJ JRLQJ RQ
GXULQJ DQ\ WDVN +RZ WKHQ FDQ RQH KRSH WR LVRODWH OHDUQLQJ WKDW LV GXH WR UHLQIRUFHPHQW" )LUVW
SUHGLFWLRQV IURP 5/ DUH FRQWLQXRXVO\YDOXHG DQG KLJKO\ GHSHQGHQW RQ WKH KLVWRU\ RI UHZDUGV±
WKLV LV XQOLNHO\ WR FRUUHODWH VWURQJO\ WR VLJQDOV GXH WR RWKHU IRUPV RI OHDQLQJ 1HYHUWKHOHVV WKH
H[SHULPHQWV ZHUH GHVLJQHG WR DWWHPSW WR PLQLPL]H WKH HIIHFWV RI RWKHU IRUPV RI OHDUQLQJ DV PXFK
DV SRVVLEOH VR WKDW LQWDFW PHDVXUHPHQWV RI 5/ VLJQDOV FDQ EH REVHUYHG
7KH WZR PDLQ IRUPV RI OHDUQLQJ WKDW DUH EHLQJ FRQWUROOHG IRU DUH HUURU FRUUHFWLRQ OHDUQLQJ DQG
DVVRFLDWLYH IRUPV RI OHDUQLQJ (UURU FRUUHFWLQJ OHDUQLQJ LV DVVXPHG WR RFFXU GXULQJ WKH &21752/
WULDOV DV SDUWLFLSDQWV OHDUQ WR FRUUHFW HUURUV LQ WKHLU KDQG PRYHPHQWV RQ WKH MR\VWLFN DV ZHOO DV HUURUV
LQ WKHLU VDFFDGLF H\H PRYHPHQWV WKDW PLJKW ERWK DULVH EHFDXVH RI WKH SRVWXUH ZKLOH WKH SDUWLFLSDQW LV
LQ WKH VFDQQHU ,W LV XQFOHDU ZKHWKHU LW LV SRVVLEOH IRU SDUWLFLSDQWV WR PDNH ³HUURUV´ LQ WKH DOORFDWLRQ
RI YLVXDOVSDWLDO DWWHQWLRQ $VVRFLDWLYH OHDUQLQJ RI WKH IRUP RI DVVRFLDWLQJ VWLPXOXV FRORUV WR PRYH
PHQWV VKRXOG EH RQJRLQJ GXULQJ ERWK WKH &21752/ DQG /($51,1* SKDVH RI WKH H[SHULPHQW
DQG LV WKXV DOVR FRQWUROOHG LQ WKH H[SHULPHQW GHVLJQ
2QH SDUWLFXODUO\ LQWHUHVWLQJ DQG VRPHZKDW XQDQWLFLSDWHG UHVXOW ZDV WKH DFWLYDWLRQ RI WKH DQWH
ULRU FDXGDWH GXULQJ WKH UHLQIRUFHPHQW RI KDQG PRYHPHQWV 7KLV UHVXOW ZDV SDUWLFXODUO\ LQWHUHVWLQJ
EHFDXVH WKH DQWHULRU FDXGDWH ZDV QRW LQYROYHG LQ WKH FRQWURO RI KDQG PRYHPHQWV WKHPVHOYHV 2QH
H[SODQDWLRQ IRU WKLV DFWLYDWLRQ PD\ EH GXH WR WKH QDWXUH RI WKH H[SHULPHQWDO WDVN ZKHQ SDUWLFLSDQWV
SHUIRUPHG KDQG PRYHPHQWV WKHUH ZDV VFUROOLQJ RI WKH VWLPXOXV RQ WKH VFUHHQ ZKLOH SDUWLFLSDQWV
KDG WR PDLQWDLQ DWWHQWLRQ DQG IL[DWLRQ LQ WKH FHQWHU RI WKH VFUHHQ &RQVHTXHQWO\ RQ WULDOV ZKHQ KDQG
PRYHPHQWV ZHUH UHLQIRUFHG LH WULDOV ZLWK EHWWHU WKDQ SUHGLFWHG RXWFRPHV SDUWLFLSDQWV PXVW KDYH

VXFFHHGHG LQ PDLQWDLQLQJ WKHLU DWWHQWLRQ FHQWUDOO\ WR PDNH D FRUUHFW UHVSRQVH 7KLV H[SODQDWLRQ DOVR
ILWV ZLWK WKH LGHD WKDW DWWHQWLRQ VKLIWV DUH D SUHSRWHQW UHVSRQVH DQG HLWKHU WKDW WKH\ RFFXU E\ GHIDXOW
RU WKDW WKH\ RFFXU EHFDXVH RI WKH RWKHU WZR H[SHULPHQW FRQGLWLRQV ± FRYHUW DWWHQWLRQ VKLIWV DQG H\H
PRYHPHQWV ± DOVR LQYROYHG DWWHQWLRQ VKLIWV
$QRWKHU SRVVLEOH H[SODQDWLRQ IRU WKLV UHVXOW LV WKDW WKH DQWHULRU FDXGDWH LV LQYROYHG LQ PXOWLSOH
IRUPV RI DWWHQWLRQ LH QRW RQO\ LQYROYHG LQ YLVXDOVSDWLDO DWWHQWLRQ EXW DOVR HJ LQ DWWHQWLRQ WR
PRWRU SODQV DQGRU GHFLVLRQV ,QGHHG WKH FDXGDWH ORFXV RI DFWLYDWLRQ IRU UHLQIRUFHPHQW RI KDQG
PRYHPHQWV LV YHQWUDO DQG DQWHULRU LQ WKH KHDG RI WKH FDXGDWH ZKHUHDV WKH ORFL RI DFWLYDWLRQV IRU WKH
UHLQIRUFHPHQW RI ERWK H\H PRYHPHQW DQG FRYHUW DWWHQWLRQ VKLIWV LV PRVW SRVWHULRU ZLWKLQ WKH FDXGDWH
KHDG +RZHYHU WKLV FRQFOXVLRQ LV QRW GLUHFWO\ VXSSRUWHG E\ WKH GDWD EHFDXVH DV MXVW PHQWLRQHG
KDQG PRYHPHQWV WKHPVHOYHV GR QRW LQYROYH WKH DQWHULRU FDXGDWH GXULQJ WKHLU FRQWURO
7DNHQ WRJHWKHU WKHVH GDWD KDYH LPSRUWDQW LPSOLFDWLRQV IRU D VWURQJ YHUVLRQ RI WKH SUHPRWRU
WKHRU\ RI DWWHQWLRQ DQG IRU OHDUQLQJ WKHRULHV EDVHG RQ 5HVFRUOD:DJQHU DQG IRU FRPSXWDWLRQDO
WKHRULHV RI EDVDO JDQJOLD IXQFWLRQ $V ZLOO EH GLVFXVVHG LQ WKH GLVVHUWDWLRQ¶V FRQFOXVLRQV WKHVH GDWD
DOVR SURYLGH QRYHO LQIRUPDWLRQ ZKLFK FDQ VHUYH WR FRQVWUDLQ IXWXUH WKHRUHWLFDO DQG FRPSXWDWLRQDO
PRGHOV RI EDVDO JDQJOLD IXQFWLRQ
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7KH SUHVHQW H[SHULPHQW SURYLGHV DQ RSSRUWXQLW\ WR WHVW WKH SUHPRWRU WKHRU\ RI DWWHQWLRQ 5L]]RODWWL
HW DO  $FFRUGLQJ WR WKLV WKHRU\ H\H PRYHPHQWV WR D SDUWLFXODU ORFDWLRQ UHTXLUH D SUHFHGLQJ
VKLIW RI DWWHQWLRQ WR WKDW ORFDWLRQ $ VWURQJ YHUVLRQ RI WKH WKHRU\ VWDWHV WKDW FRYHUW YLVXDO DWWHQWLRQ
VKLIWV WR SDUWLFXODU ORFDWLRQV DUH DQ HDUO\ VWDJH RI VDFFDGH SURJUDPPLQJ UDWKHU WKDQ D GLVWLQFW DFWLRQ
GLUHFWHG WR WKRVH ORFDWLRQV IRU D UHYLHZ VHH 6KLSS  :KHQ D FRYHUW DWWHQWLRQ VKLIW RFFXUV
WKDW LV QRW IROORZHG E\ D VXEVHTXHQW VDFFDGLF H\H PRYHPHQW WKH SUHPRWRU WKHRU\ RI DWWHQWLRQ KROGV
WKDW WKH VDFFDGH SURJUDP KDV EHHQ LQWHUUXSWHG EHIRUH FRPSOHWLRQ ± LW FDQ EH VDLG WR EH µFDQFHOHG¶
3DUW RI WKH HYLGHQFH LQ VXSSRUW RI WKLV YLHZ LV WKDW YLVXRPRWRU QHXURQV LQ VXSHULRU FROOLFXOXV QHX
URQV JUDGXDOO\ LQFUHDVH WKHLU DFWLYLW\ XQWLO WKH\ UHDFK D WKUHVKROG DW ZKLFK WLPH D VDFFDGH RFFXUV
DQG WKLV DFWLYLW\ LV DOVR SUHVHQW GXULQJ FRYHUW VKLIWV RI DWWHQWLRQ +RIIPDQ DQG 6XEUDPDQLDP 
.RZOHU HW DO  7KXV D FRYHUW DWWHQWLRQ VKLIW LV WKRXJKW WR VLPSO\ EH µVXEWKUHVKROG¶ VDFFDGLF

H\H PRYHPHQW DFWLYLW\ LGHQWLFDO WR WKH DFW RI SURJUDPPLQJ WKH VDFFDGLF H\H PRYHPHQW $GGL
WLRQDO HYLGHQFH IRU WKLV YLHZ LV WKDW PLFURVWLPXODWLRQ RI WKH VXSHULRU FROOLFXOXV FDQ UHVXOW LQ FRYHUW
DWWHQWLRQ VKLIWV 0OOHU HW DO 
+RZHYHU DOWKRXJK WKHUH LV PXFK GDWD WR VXSSRUW WKH YLHZ WKDW YLVXDO DWWHQWLRQ VKLIWV DUH HTXLY
DOHQW WR VDFFDGH SURJUDPPLQJ WKHUH LV HYLGHQFH LQ VXSSRUW RI D FRPSHWLQJ K\SRWKHVLV ZKLFK PDLQ
WDLQV WKDW DWWHQWLRQ VKLIWV DQG H\H PRYHPHQWV DUH VHSDUDWH DFWLRQV $ QXPEHU RI SULRU VWXGLHV KDYH
DWWHPSWHG ZLWK YDU\LQJ GHJUHHV RI VXFFHVV WR GLVVRFLDWH DWWHQWLRQ IURP VDFFDGH SURJUDPPLQJ
WKURXJK UHFRUGLQJV LQ IURQWDO H\H ILHOGV HJ 0XUWK\ 7KRPSVRQ 	 6FKDOO 
,Q WKH SUHVHQW GDWD VHW ZH WHVWHG WKH K\SRWKHVLV WKDW FRYHUW DWWHQWLRQ VKLIWV DQG WKH DWWHQWLRQ
VKLIWV WKDW DFFRPSDQLHG VDFFDGLF H\H PRYHPHQWV LQ WKH WDVN FRXOG EH VHSDUDWHO\ UHLQIRUFHG LH DV
VHSDUDWH DFWLRQV 7KLV K\SRWKHVLV ZDV WHVWHG E\ H[DPLQLQJ WKH ORFDWLRQ RI UHZDUGSUHGLFWLRQ HUURU
VLJQDOV IRU H\H PRYHPHQWV YHUVXV FRYHUW DWWHQWLRQ VKLIWV 'DWD IURP WKH WZR UHJUHVVRUV DUH SORWWHG
VLGHE\VLGH LQ )LJXUH  7KHVH UHVXOWV VKRZ WKDW WKH DQWHULRU YHUVXV GRUVDO FDXGDWH DUH GLIIHUHQ
WLDOO\ LQYROYHG LQ WKH SRVLWLYH UHLQIRUFHPHQW RI FRYHUW DWWHQWLRQ VKLIWV DQG VDFFDGLF H\H PRYHPHQWV
)RU DWWHQWLRQ VKLIWV DFWLYLW\ FRUUHODWLQJ ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZDV ELODWHUDOO\ IR
FXVHG LQ WKH DQWHULRU FDXGDWH ,Q FRQWUDVW IRU VDFFDGLF H\H PRYHPHQWV DFWLYLW\ FRUUHODWLQJ ZLWK
SRVLWLYH UHZDUGSUHGLFWLRQ HUURU ZDV ELODWHUDOO\ IRFXVHG LQ WKH GRUVDO FDXGDWH 7KHVH GLIIHUHQFHV
PD\ UHIOHFW WKH IDFW WKDW WKH DQWHULRU FDXGDWH UHFHLYHV SURMHFWLRQV IURP SDULHWDO FRUWLFDO UHJLRQV LQ
YROYHG LQ DWWHQWLRQ VKLIWV ZKHUHDV GRUVDO FDXGDWH UHFHLYHV SURMHFWLRQV IURP WKH IURQWDO H\H ILHOGV
ZKLFK DUH SUHGRPLQDQWO\ LQYROYHG LQ VDFFDGLF H\H PRYHPHQWV 1RWH WKDW DOWKRXJK WKH DQWHULRU FDX
GDWH UHJLRQ WKDW FRUUHODWHG ZLWK SRVLWLYH UHZDUGSUHGLFWLRQ HUURU H[WHQGHG LQ WKH GRUVDO GLUHFWLRQ
DWWHQWLRQ VKLIWV GLG QRW DFWLYDWH GLVWLQFW IRFL LQ WKH GRUVDO FDXGDWH 7KHVH UHVXOWV VXJJHVW WKDW UHZDUG
SUHGLFWLRQ HUURUV DUH FRPSXWHG LQ GLVWLQFW UHJLRQV RI WKH VWULDWXP IRU VKLIWV RI YLVXDO DWWHQWLRQ WKDW
DUH QRW DFFRPSDQLHG E\ H\H PRYHPHQWV FRPSDUHG WR H\H PRYHPHQWV WKHPVHOYHV
7KH SUHVHQW DQDO\VLV ZDV FDUULHG RXW WR WHVW WKH K\SRWKHVLV WKDW FRYHUW DWWHQWLRQ VKLIWV DQG VDF
FDGLF H\H PRYHPHQWV KDYH VHSDUDWH QHXUDO VXEVWUDWHV IRU UHLQIRUFHPHQW ,I WKH\ GLG WKLV ZRXOG EH
HYLGHQFH DJDLQVW D VWURQJ IRUP RI WKH SUHPRWRU WKHRU\ RI DWWHQWLRQ ZKLFK KROGV WKDW FRYHUW DWWHQWLRQ
VKLIWV DUH H[DFWO\ WKH SURJUDPPLQJ RI VDFFDGLF H\H PRYHPHQWV WR D ORFDWLRQ 7KH UHVXOWV VXJJHVW
WKDW FRYHUW DWWHQWLRQ VKLIWV ZHUH UHLQIRUFHG LQ WKH DQWHULRU SDUW RI WKH FDXGDWH KHDG ZKHUHDV VDFFDGLF

H\H PRYHPHQWV ZHUH UHLQIRUFHG DW WKH SRVWHULRU SDUW RI WKH FDXGDWH KHDG ,Q DGGLWLRQ VDFFDGLF H\H
PRYHPHQWV ZHUH DOVR UHLQIRUFHG LQ WKH GRUVDO FDXGDWH DQG WKH QXFOHXV DFFXPEHQV ZKHUHDV FRYHUW
DWWHQWLRQ VKLIWV ZHUH QRW 7KHVH UHVXOWV VXSSRUW WKH K\SRWKHVLV DQG VXJJHVW WKDW D VWURQJ YLHZ RI WKH
SUHPRWRU WKHRU\ RI DWWHQWLRQ PD\ EH IDOVH
7KH UHVXOWV WKXV VXJJHVW D ZHDNHU YLHZ RI WKH UHODWLRQVKLS EHWZHHQ VDFFDGHV DQG FRYHUW DWWHQ
WLRQ LQ QRUPDO YLVLRQ FRYHUW DWWHQWLRQ DQG H\H PRYHPHQWV DUH ERWK GLUHFWHG WR ORFDWLRQV LQ YLVXDO
VSDFH DQG EHFDXVH DWWHQWLRQ VKLIWV DUH IDVWHU WKDQ VDFFDGHV DWWHQWLRQ VKLIWV WHQG WR SUHFHGH WKH H\H
PRYHPHQWV WKHPVHOYHV HJ 3RVQHU HW DO  7KURXJK WKLV KLJKO\ UHSHDWHG SURFHVV LW LV HYHQ
SRVVLEOH WKDW FRYHUW VKLIWV RI YLVXDO DWWHQWLRQ DQG VDFFDGHV EHFRPH DVVRFLDWHG WKURXJK ODUJH QXP
EHUV RI WULDOV ,Q WKH PDMRULW\ RI VDFFDGHV WR WKH H[WHQW WKDW WKH JRDO RI YLVLRQ LV WR SHUFHLYH VWLPXOL
DW WKH WDUJHW RI WKH VDFFDGH FRYHUW DWWHQWLRQ VKLIWV DUH EHQHILFLDO WR YLVLRQ WKH\ ZLOO WHQG WR SUHFHGH
WKH VDFFDGLF H\H PRYHPHQWV WKHPVHOYHV
7KH IDFW WKDW RXU EHKDYLRUDO DQG I05, GDWD VXSSRUW WKH LQGHSHQGHQW UHLQIRUFHPHQW RI H\H PRYH
PHQWV DQG FRYHUW DWWHQWLRQ VKLIWV GRHV QRW SUHFOXGH WKH SRVVLELOLW\ WKDW DOO H\H PRYHPHQWV WR D
ORFDWLRQ UHTXLUH D FRYHUW DWWHQWLRQ WR WKDW ORFDWLRQ 7KHUHIRUH WR WHVW WKH K\SRWKHVLV WKDW FRYHUW DW
WHQWLRQ VKLIWV QHHG QRW SUHFHGH VDFFDGLF H\H PRYHPHQWV ZH DUH FXUUHQWO\ SUHSDULQJ DQ H[SHULPHQW
WKDW DLPV WR GLVVRFLDWH VDFFDGH H\H PRYHPHQWV IURP FRYHUW DWWHQWLRQ VKLIWV E\ UHZDUGLQJ SDUWLFL
SDQWV IRU NHHSLQJ WKHLU DWWHQWLRQ DW IL[HG ORFDWLRQV ZKLOH PRYLQJ WKHLU H\HV WR YDULRXV WDUJHWV RQ WKH
VFUHHQ
 7+(25(7,&$/ ,03/,&$7,216
 (;7(1',1* 5(6&25/$:$*1(5%$6(' /($51,1* 58/(6
7KH UHVXOWV IURP WKH I05, VWXG\ VXJJHVW WKDW UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV DUH SHUIRUPHG
QRW LQ D VLQJOH FLUFXLW EXW UDWKHU LQ VHSDUDWH SDUDOOHO FLUFXLWV 7KLV FRQFOXVLRQ KDV SURIRXQG LPSOL
FDWLRQV IRU IRUPXODWLRQV RI OHDUQLQJ UXOHV VXFK DV WKH 5HVFRUOD:DJQHU OHDUQLQJ UXOH ,PSRUWDQWO\
WKHVH GDWD VXJJHVW D PRGLILFDWLRQ WR WKDW VW\OH RI OHDUQLQJ UXOH WKDW KHOS LW H[SODLQ WKH SKHQRPHQD RE

VHUYHG LQ WKLV GLVVHUWDWLRQ $ FRQVHTXHQFH RI WKLV H[WHQVLRQ LV WKDW SKHQRPHQD WKDW ZHUH SUHYLRXVO\
EH\RQG WKH VFRSH RI 5HVFRUOD:DJQHU OHDUQLQJ UXOHV VXFK DV EORFNLQJ FDQ QRZ EH H[SODLQHG
7KH VWDQGDUG 5HVFRUOD:DJQHU UXOH VXJJHVWV WKDW OHDUQLQJ VKRXOG EH GRQH EDVHG RQ WKH GLIIHU
HQFH EHWZHHQ UHFHLYHG DQG SUHGLFWHG UHZDUG 7KLV TXDQWLW\ GHOWD FDQ EH FRPSXWHG DV
δ = reward− V (s) 
ZKHUH 9V LV WKH DPRXQW RI UHZDUG WKDW LV FXUUHQWO\ SUHGLFWHG IURP WKH VWDWH SUHFHGLQJ WKH UHZDUG
7KLV FDQ WKHQ EH LQWHJUDWHG LQWR D OHDUQLQJ UXOH ZKLFK GHVFULEHV WKH QHZ UHZDUG SUHGLFWLRQ TXDQWLW\
DIWHU OHDUQLQJ KDV RFFXUUHG
Vnew(s) = V (s) + learningRate× δ 
%\ VXEVWLWXWLQJ (TXDWLRQ  LQWR (TXDWLRQ  ZH KDYH
Vnew(s) = V (s) + learningRate× [reward− V (s)] 
$Q H[WHQVLYH ERG\ RI OLWHUDWXUH KDV VKRZQ WKDW WKLV OHDUQLQJ HTXDWLRQ ZRUNV YHU\ ZHOO IRU PDQ\
FDVHV DQG WXUQV RXW WR EH TXLWH SRZHUIXO ,PSRUWDQWO\ QRWH WKDW ZKHQ UHZDUG KDV EHHQ SUHGLFWHG
FRUUHFWO\ V (s) = reward DQG OHDUQLQJ VWRSV EHFDXVH WKH GLIIHUHQFH [reward−V (s)] DQG WKHUHIRUH
δ LV ]HUR
+RZHYHU WKH FXUUHQW H[SHULPHQWDO UHVXOWV VXJJHVW DQ DOWHUQDWH IRUPXODWLRQ LQ ZKLFK UHZDUG
SUHGLFWLRQV DUH QRW VLPSO\ FRPSXWHG DV D IXQFWLRQ RI D VLQJOH JOREDO GLIIHUHQFH ,QVWHDG WKH UHVXOWV
VXJJHVW WKH WKDW WKLV GLIIHUHQFH LV SHUPLVVLYH IRU OHDUQLQJ EXW WKH OHDUQLQJ LWVHOI LV SHUIRUPHG LQ D
SLHFHZLVH IDVKLRQ GHSHQGLQJ RQ WKH UHZDUG SUHGLFWLRQV HUURUV FRPSXWHG VHSDUDWHO\ IRU FRPSRQHQW
QHRFRUWLFDO DFWLYDWLRQV LQ WKLV FDVH WKRVH QHRFRUWLFDO DFWLYDWLRQV UHSUHVHQWLQJ DFWLRQV 7KDW LV UH
ZDUG SUHGLFWLRQ HUURUV DUH DOVR FRPSXWHG VHSDUDWHO\ IRU HDFK QHRFRUWLFDO DFWLYDWLRQ RU DFWLRQ

UHSUHVHQWDWLRQ
δa1 = reward− Vold(a1)
δa2 = reward− Vold(a2)
δa3 = reward− Vold(a3)
. . .
ZKHUH V V V DUH SDWWHUQV RI QHRFRUWLFDO DFWLYDWLRQ FRUUHVSRQGLQJ WR VHSDUDWH FRPSRQHQW
VWLPXOL RU DFWLRQV $ ORFDO UHZDUGSUHGLFWLRQ HUURU FDQ WKHUHIRUH EH FRPSXWHG WR DOORZ IRU OHDUQLQJ
IRU HDFK VWLPXOXV SUHVHQW RU DFWLRQ SHUIRUPHG ZKHQ WKH UHZDUG ZDV UHFHLYHG
:KHQ reward− V (s) LV QRW  

Vnew(s) = V (s) + learningRate× [reward− V (s)]
DQG
Vnew(a1) = V (a1) + learningRate× [reward− V (a1)]
Vnew(a2) = V (a2) + learningRate× [reward− V (a2)]
Vnew(a3) = V (a3) + learningRate× [reward− V (a3)]

7KH DERYH DOORZV OHDUQLQJ WR RFFXU IRU JOREDO UHZDUG SUHGLFWLRQV VLPXOWDQHRXVO\ ZLWK LQGHSHQGHQW
UHZDUG SUHGLFWLRQV IRU HDFK VWLPXOXV FRPSRQHQW RU QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQ &ULWLFDOO\
ZKHQ RQO\ D VLQJOH DFWLRQ LV EHLQJ SHUIRUPHG RU UHLQIRUFHG WKLV H[WHQVLRQ RI WKH 5HVFRUOD:DJQHU
UHGXFHV H[DFWO\ WR WKH VWDQGDUG 5HVFRUOD:DJQHU UXOH
2QH SRVVLELOLW\ WKDW FHUWDLQO\ ZDUUDQWV LQYHVWLJDWLRQ LV WKDW WKH JOREDO UHZDUGSUHGLFWLRQ HUURU
FRXOG EH EDVHG RQ WKH GLIIHUHQFH EHWZHHQ UHFHLYHG UHZDUG DQG WKH VXP RI DOO FXUUHQWO\SUHGLFWHG
UHZDUGV LH δ = reward− Vold(s) = reward− [Vold(a1) + Vold(a2) + Vold(a3) + . . . ,I LQGHHG
UHZDUG SUHGLFWLRQV DUH DGGLWLYH WKH QHZ JOREDO UHZDUG SUHGLFWLRQ FRXOG EH FRPSXWHG DV WKH VXP RI
WKH LQGHSHQGHQW FRPSRQHQW UHZDUG SUHGLFWLRQV V (s) = V (a1) + V (a2) + V (a3) + . . . 1RWH WKDW
WKHUH PD\ EH D DOVR EH D ELDV WHUP WR FRPSHQVDWH IRU WKH SRVVLELOLW\ WKDW WZR QHRFRUWLFDO SDWWHUQV
SUHGLFW WKH VDPH DPRXQW RI UHZDUG UDWKHU WKDQ HDFK RI WKRVH SDWWHUQV SUHGLFWLQJ KDOI WKH DPRXQW
RI UHZDUG LH V (s) = V (sBbias) + V (a1) + V (a2) + V (a3) + . . .

7KLV H[WHQVLRQ RI WKH 5HVFRUOD:DJQHU UXOH H[SODLQV WKH FXUUHQW GDWD EHWWHU WKDQ WKH VWDQGDUG
5HVFRUOD:DJQHU UXOH EHFDXVH LW FDSWXUHV WKH DVSHFW RI WKH GDWD VKRZLQJ WKDW UHZDUGSUHGLFWLRQ
HUURUV DUH FRPSXWHG LQGHSHQGHQWO\ LH LQ VHSDUDWH EUDLQ FLUFXLWV
%HVLGHV KHOSLQJ WR H[SODLQ WKH FXUUHQW GDWD WKLV H[WHQVLRQ WR WKH 5HVFRUOD:DJQHU UXOH FDQ DOVR
H[SODLQ GRZQVKLIWLQJ GXULQJ XQEORFNLQJ )RU H[DPSOH D UDW LV WUDLQHG WR SUHGLFW SRVLWLYH UHLQIRUFH
PHQW HJ  SHOOHWV RI IRRG JLYHQ D VLQJOH FRQGLWLRQLQJ VWLPXOXV HJ D OLJKW $IWHU WKH UHZDUG
SUHGLFWLRQ KDV EHHQ OHDUQHG IRU WKH OLJKW VWLPXOXV DQRWKHU VWLPXOXV HJ D QRLVH LV SDLUHG ZLWK
WKDW FRQGLWLRQLQJ VWLPXOXV GXULQJ UHZDUG WULDOV %ORFNLQJ UHIHUV WR WKH IDFW WKDW QR OHDUQLQJ DSSHDUV
WR WDNH SODFH IRU WKDW VHFRQG VWLPXOXV ZKHQ WKH UDW LV WHVWHG ZLWK WKH QRLVH DORQH QR DSSHWLWLYH
EHKDYLRU HQVXHV /HDUQLQJ RI UHZDUG SUHGLFWLRQV IRU WKDW QHZ VWLPXOXV KDV EHHQ ³EORFNHG´
+RZHYHU OHDUQLQJ IRU WKH VHFRQG RU QHZ FRPSRQHQW RI WKH &6 GRHV RFFXU LI WKH DPRXQW RI
UHZDUG LV FKDQJHG )RU H[DPSOH LI WKH DPRXQW RI UHZDUG LV FKDQJHG IURP  IRRG SHOOHWV WR  IRRG
SHOOHW OHDUQLQJ WR WKH QRLVH LV QR ORQJHU EORFNHG ,Q SDUWLFXODU WKH UDW QRZ OHDUQV WKDW WKH QRLVH
SUHGLFWV  IRRG SHOOHW
$V SRLQWHG RXW E\+ROODQG +ROODQG  WKH VWDQGDUG 5HVFRUOD:DJQHU OHDUQLQJ UXOH SUHGLFWV
WKDW WKH UHZDUG SUHGLFWLRQ IRU WKH QRLVH VKRXOG EH DYHUVLYH GXULQJ XQEORFNLQJ ± EHFDXVH WKH UHZDUG
SUHGLFWLRQ HUURU ZDV      7KH IDFW WKDW DQ DSSHWLWLYH UHVSRQVH ZDV OHDUQHG WR WKH QRLVH VXJJHVWV
WKDW WKH VWDQGDUG 5HVFRUOD:DJQHU UXOH LV LQDGHTXDWH IRU H[SODLQLQJ OHDUQLQJ LQ WKLV VLWXDWLRQ
,Q FRQWUDVW WKH SUHVHQW SDUDOOHOL]HG OHDUQLQJ UXOH GRHV FDSWXUH WKLV DVSHFW RI EORFNLQJ DV IRO
ORZV ,QLWLDOO\ DOO UHZDUG SUHGLFWLRQV DUH ]HUR
V (global) = 0
V (light) = 0
V (noise) = 0
7KHQ D UHZDUG RI  IRRG SHOOHWV LV SDLUHG ZLWK D OLJKW &6 XQWLO UHZDUGSUHGLFWLRQ LV DGHTXDWHO\
OHDUQHG VR WKDW WKH JOREDO UHZDUG SUHGLFWLRQ DQG OLJKW SUHGLFWLRQV ERWK DUH 

δglobal = 3− V (global) . . .⇒ . . . V (global) = 3
δlight = 3− V (light) . . .⇒ . . . V (light) = 3
δnoise = QRW WUDLQHG . . .⇒ . . . V (noise) = 0
2QFH WKLV KDV EHHQ OHDUQHG DGPLQLVWUDWLRQ RI WKH VDPH DPRXQW RI UHLQIRUFHPHQW LH  SHOOHWV
ZLOO UHVXOW LQ EORFNLQJ IRU UHLQIRUFHPHQW RI 9QRLVH SUHVHQWHG EHFDXVH WKH SUHGLFWHG UHLQIRUFH
PHQW 9JOREDO LV HTXDO WR  DQG WKHUHIRUH QR OHDUQLQJ ZLOO RFFXU DV SHU (TXDWLRQ  LH








1RZ LQ WKH GRZQVKLIWLQJ FDVH WKH QRLVH VWLPXOXV LV SUHVHQWHG VLPXOWDQHRXVO\ ZLWK WKH OLJKW
VWLPXOXV DQG UHLQIRUFHPHQW LV UHGXFHG IURP  WR  %HFDXVH RI WKLV UHGXFWLRQ WKH JOREDO UHZDUG
SUHGLFWLRQ HUURU ZLOO EHFRPH QRQ]HUR DQG WKHUHIRUH SHUPLVVLYH IRU OHDUQLQJ 'XULQJ WKHVH GRZQ
VKLIWLQJ WUDLQLQJ WULDOV V (global) DQG V (light) EHJLQ WR GURS UDSLGO\ LQ WKHLU UHZDUG SUHGLFWLRQV
IURP  WR  ZKLOH 9QRLVH ULVHV IURP  WR 
δglobal = 1− V (global) . . .⇒ GHFUHDVHV IURP  . . .⇒ V (global) = 1
δlight = 1− V (light) . . .⇒ GHFUHDVHV IURP  . . .⇒ V (light) = 1
δnoise = 1− V (noise) . . .⇒ LQFUHDVHV IURP  · · · ⇒ V (noise) = 1
3UHGLFWLRQV RI 3URSRVHG µ3DUDOOHOL]HG¶
([WHQVLRQ RI 5HVFRUOD:DJQHU 5XOH
7KLV LQFUHDVH IRU V (noise) LV SUHGLFWHG E\ WKH SURSRVHG ³SDUDOOHOL]HG´ YDULDQW RI WKH 5HVFRUOD
:DJQHU UXOH DQG LV PRUH FRQVLVWHQW ZLWK REVHUYHG EHKDYLRUDO FKDQJHV ,Q FRQWUDVW WKH VWDQGDUG

5HVFRUOD:DJQHU UXOH GHWDLOHG HDUOLHU HQGV XS SUHGLFWLQJ D GLIIHUHQW VHW RI OHDUQHG UHZDUG SUH
GLFWLRQV 7KLV LV EHFDXVH WKH VWDQGDUG 5HVFRUOD:DJQHU UXOH EDVHV OHDUQLQJ RQ D JOREDO UHZDUG
SUHGLFWLRQ HUURU UDWKHU WKDQ D ORFDO LH DFWLRQVSHFLILF UHZDUGSUHGLFWLRQ HUURU $V D UHVXOW WKH
UHZDUG SUHGLFWLRQ DVVRFLDWHG ZLWK WKH HDFK VWLPXOXV LV SUHGLFWHG WR FKDQJH E\  XQLWV ,Q SDUWLFXODU
WKH QRLVH VWLPXOXV LV SUHGLFWHG ± LQFRUUHFWO\ DFFRUGLQJ WR EHKDYLRUDO UHVXOWV ± WR GHFUHDVH IURP 
WR 
δglobal = 1− V (global) . . .⇒ GHFUHDVHV IURP  . . .⇒ V (global) = 1
δlight = 1− V (global) . . .⇒ GHFUHDVHV IURP  . . .⇒ V (light) = 1
δnoise = 1− V (global) . . .⇒ GHFUHDVHV IURP  · · · ⇒ V (noise) = −2 ∗ ∗ ∗
3UHGLFWLRQV RI 6WDQGDUG 5HVFRUOD:DJQHU
/HDUQLQJ 5XOH
7KH ³LQFRUUHFW´ SUHGLFWLRQ RI WKH 5HVFRUOD:DJQHU UXOH WKHUHIRUH DV LQGLFDWHG E\ WKH DVWHULVNV LV
WKDW WKH QRLVH WDNHV RQ DQ DYHUVLYH YDOXH
7KXV WKH SURSRVHG H[WHQVLRQ RI WKH 5HVFRUOD:DJQHU UXOH ± D VLPSOH SDUDOOHOL]DWLRQ RI UHZDUG
SUHGLFWLRQ HUURU FRPSXWDWLRQV WKDW LV VXJJHVWHG E\ WKH SUHVHQW LPDJLQJ UHVXOWV ± LV QRW RQO\ D PRUH
DGHTXDWH H[SODQDWLRQ RI WKH SUHVHQW QHXURLPDJLQJ UHVXOWV EXW DOVR LV EHWWHU DEOH WR FDSWXUH DW OHDVW
WKLV XQEORFNLQJGRZQVKLIWLQJ SKHQRPHQRQ WKDW LV REVHUYHG LQ UHLQIRUFHPHQW OHDUQLQJ LQ UDWV
,W LV LPSRUWDQW WR QRWH WKDW WKLV SURSRVDO LV VRPHZKDW DW RGGV ZLWK WKH LGHD RI DQ H[FOXVLYHO\
JOREDO UHZDUGSUHGLFWLRQ HUURU VLJQDO +RZHYHU VR DUH WKH QHXURLPDJLQJ UHVXOWV LQ WKLV GLVVHU
WDWLRQ ,I WKH UHZDUGSUHGLFWLRQ HUURU VLJQDO ZHUH HIIHFWLYHO\ JOREDO DW WKH OHYHO RI WKH VWULDWXP
RQH ZRXOG QRW H[SHFW GLIIHUHQWLDOO\ORFDOL]HG DFWLYDWLRQ GHSHQGLQJ RQ ZKLFK DFWLRQ ZDV EHLQJ SHU
IRUPHG UDWKHU WKH HQWLUH VWULDWXP VKRXOG EH DFWLYH ,QVWHDG LW DSSHDUV WKDW WKH VWULDWXP FDQ PH
GLDWH ORFDO FRPSXWDWLRQV UHIOHFWLQJ WKH GLIIHUHQFH EHWZHHQ DFWLRQVSHFLILF UHZDUG SUHGLFWLRQV DQG
WKH DGPLQLVWHUHG UHZDUG
$OWKRXJK WKLV H[WHQVLRQ RI 5HVFRUOD:DJQHU ZDV VXJJHVWHG E\ WKH QHXURLPDJLQJ UHVXOWV WKH
H[WHQVLRQ DOVR PDNHV QHZ I05, SUHGLFWLRQV WKDW DUH QRW WHVWHG LQ WKH FXUUHQW GDWD VHW ,Q SDUWLFXODU

RQFH UHZDUG SUHGLFWLRQ HUURUV IRU DFWLRQV KDYH EHHQ OHDUQHG VHSDUDWHO\ DGPLQLVWHULQJ XQH[SHFWHG
UHZDUG IRU WKH FRQMXQFWLRQ RI WKRVH DFWLRQV LH SHUIRUPHG VLPXOWDQHRXVO\ VKRXOG JHQHUDWH SRVL
WLYH DQG QHJDWLYH UHZDUG SUHGLFWLRQ HUURU VLJQDOV LQ PXOWLSOH VWULDWDO ]RQHV 7KLV NLQG RI H[SHULPHQW
ZRXOG SURYLGH VWURQJ HYLGHQFH IRU WKH VLPXOWDQHRXV SDUDOOHO UHLQIRUFHPHQW RI DFWLRQV LQ VHSDUDWH
FLUFXLWV
 &20387$7,21$/ 7+(25,(6 2) %$6$/ *$1*/,$ )81&7,21
7KH UHVXOWV IURP WKH I05, H[SHULPHQW KDYH D QXPEHU RI LPSOLFDWLRQV IRU XQGHUVWDQGLQJ WKH NLQGV
RI FRPSXWDWLRQV WKDW DUH SHUIRUPHG LQ WKH EDVDO JDQJOLD 7ZR RI WKHVH LPSOLFDWLRQV KDYH DOUHDG\
EHHQ PHQWLRQHG LQ GHWDLO LH FRQWURO RI ODUJH QHXUDO QHWZRUNV DQG VHSDUDWH ORFDO FRPSXWDWLRQ RI
UHZDUGSUHGLFWLRQ HUURUV 7KHUH DUH VHYHUDO DGGLWLRQDO LPSOLFDWLRQV WKDW ZLOO EH GLVFXVVHG EHORZ
7KH ILUVW LPSOLFDWLRQ RI WKH I05, UHVXOWV LV WKDW WKH\ OLFHQVH WKH DVVXPSWLRQ WKDW WKH EDVDO JDQJOLD
DUH WKH ORFXV RI WKH OLQN EHWZHHQ DFWLRQ VHOHFWLRQ DQG UHZDUG $OWKRXJK WKH EDVDO JDQJOLD KDYH ORQJ
EHHQ LPSOLFDWHG LQ JRQRJR VLJQDOV IRU WKH LQLWLDWLRQ RI DFWRQ D QXPEHU RI H[LVWLQJ FRPSXWDWLRQDO
PRGHOV KDYH PRUH UHFHQWO\ SURSRVHG WKDW DFWLRQ VHOHFWLRQ JLYHQ SDUWLFXODU UHZDUG KLVWRU\ WR EH RQH
RI WKH SULPDU\ IXQFWLRQV RI WKH EDVDO JDQJOLD %DU*DG HW DO  *XUQH\ HW DO DE /HEORLV
HW DO  7KHVH PRGHOV LPSO\ WKDW WKH EDVDO JDQJOLD PRQLWRU UHZDUGUHODWHG VLJQDOV DQG XVH
WKHVH VLJQDOV WR VHOHFW SDUWLFXODU DFWLRQV $OWKRXJK WKHUH LV HYLGHQFH WKDW GLVWLQFW UHJLRQV RI WKH EDVDO
JDQJOLD DUH LQYROYHG LQ WKH FRQWURO RI GLIIHUHQW NLQGV RI DFWLRQV WKHUH KDV QRW EHHQ HYLGHQFH WKDW
UHLQIRUFHPHQW VLJQDOV DOVR IROORZHG WKLV SDWWHUQ RI ORFDOL]DWLRQ ,QGHHG DV PHQWLRQHG SUHYLRXVO\
PRVW VWXGLHV RI WKH EDVDO JDQJOLD IRFXV RQ WKH QXFOHXV DFFXPEHQV LH WKH YHQWUDO VWULDWXP DV
WKH ORFXV RI UHLQIRUFHPHQW OHDUQLQJ 7KXV WKH SUHVHQW UHVXOWV OLFHQVH WKLV FRUH DVVXPSWLRQ RI D
QXPEHU RI EDVDO JDQJOLD PRGHOV WKDW LV WKDW DFWLRQ VHOHFWLRQ LQ FRUWLFREDVDO JDQJOLD ORRSV FDQ EH
PRGXODWHG E\ ORFDOL]HG UHLQIRUFHPHQW VLJQDOV
7KH VHFRQG LPSOLFDWLRQ RI WKH I05, UHVXOWV LV WKH SUHIURQWDO FRUWH[ DQG WKH EDVDO JDQJOLD DS
SHDU WR FROODERUDWH LQ FRQWURO GXULQJ 5/ 6SHFLILFDOO\ WKH SUHVHQW UHVXOWV VXJJHVW WKDW WKH SUHIURQWDO
FRUWH[ QHLWKHU OHDGV RU ODJV EDVDO JDQJOLD DFWLYDWLRQ GXULQJ UHZDUGUHODWHG OHDUQLQJ 7KH WRSLF RI
ZKHWKHU WKH SUHIURQWDO FRUWH[ RU EDVDO JDQJOLD ³OHDUQV ILUVW´ KDV EHHQ D PDWWHU RI GHEDWH HJ 3D
VXSDWK\ DQG 0LOOHU  7KH GDWD LQ WKH SUHVHQW VWXG\ VXJJHVW WKDW SUHIURQWDO FRUWH[ DQG EDVDO

JDQJOLD DFWLYDWLRQV WUDFNHG ZLWK HDFK RWKHU ERWK GHFUHDVHG LQ DFWLYLW\ RYHU WLPH DV OHDUQLQJ SUR
JUHVVHG 7KLV UHVXOW VXJJHVWV WKDW QHLWKHU WKH SUHIURQWDO FRUWH[ RU WKH EDVDO JDQJOLD DUH WKH RULJLQDWLQJ
VRXUFHV RI FRQWURO GXULQJ OHDUQLQJ EXW UDWKHU WKDW WKH WZR VWUXFWXUHV FRQWLQXRXVO\ LQWHUDFW :KDW LV
WKH SXUSRVH RI WKLV LQWHUDFWLRQ" 7KH SURSRVHG ³FRJQLWLYH RUFKHVWUD´ IUDPHZRUN VXJJHVWV RQH SRV
VLEOH DQVZHU WKH EDVDO JDQJOLD PD\ DOORZ WKH SUHIURQWDO FRUWH[ WR FRQWURO VSHFLILF DFWLRQV RYHU
FRPLQJ OLPLWHG FRUWLFRFRUWLFDO FRQQHFWLYLW\ $QRWKHU SRVVLEOH DQVZHU LV WKDW WKH SUHIURQWDO FRUWH[
DFWLYDWLRQ LV LPSRUWDQW LQ NHHSLQJ WUDFN RI WKH GLIIHUHQW SRVVLEOH DFWLRQV LQ ZRUNLQJ PHPRU\ 7KDW
LV GXULQJ OHDUQLQJ LQ WKH WDVN LW ZDV LPSRUWDQW IRU SDUWLFLSDQWV WR H[SORUH WKH IRXU SRVVLEOH DFWLRQV
LH XS GRZQ OHIW ULJKW 7KH SUHIURQWDO FRUWH[ PLJKW EH LPSRUWDQW LQ PHGLDWLQJ WKH H[SORUDWLYH
EHKDYLRU ELDVLQJ WKH V\VWHP WR VHOHFW DFWLRQV WKDW KDYH QRW UHFHQWO\ EHHQ VHOHFWHG
7KH WKLUG LPSOLFDWLRQ RI WKH I05, UHVXOWV LV WKDW SRVLWLYH UHLQIRUFHPHQW DSSHDUV WR KDYH PRUH
VSHFLILFLW\ WKDQ QHJDWLYH UHLQIRUFHPHQW *HQHUDOO\ LW ZDV IRXQG WKDW SRVLWLYH UHZDUGSUHGLFWLRQ
HUURU ZHUH PRUH UHOLDEOH DQG VSDWLDOO\ ORFDOL]HG ZLWKLQ WKH VWULDWXP ZKHUHDV QHJDWLYH UHZDUG
SUHGLFWLRQ HUURU VLJQDOV ZHUH GLIIXVH PRUH ODWHUDOL]HG LQ WKH FDVH RI ULJKWKDQG PRYHPHQWV DQGRU
ZHDNHU 0RGHOV RI 5/ KDYH DWWHPSWHG WR XVH WKH VLPLODULW\ EHWZHHQ SKDVLF GRSDPLQH DQG UHZDUG
SUHGLFWLRQ HUURU DV DQ DQFKRULQJ SRLQW WR UHODWH 5/ DOJRULWKPV WR EUDLQ IXQFWLRQ +RZHYHU XQOLNH
UHZDUGSUHGLFWLRQ HUURU LQ 5/PRGHOV ZKLFK FDQ WDNH RQ DUELWUDU\ SRVLWLYH DQG QHJDWLYH YDOXHV SKD
VLF GRSDPLQH OHYHOV FDQ RQO\ JR VR IDU EHORZ WKHLU EDVHOLQH OHYHOV DQG WKHUH LV QR VHQVH LQ ZKLFK
QHXURQV FDQ H[KLELW ³QHJDWLYH ILULQJ OHYHOV´ &RPSXWDWLRQDOO\ WKLV VXJJHVWV WKDW GRSDPLQH WUDQV
PLVVLRQ PD\ QRW EH DQ HIIHFWLYH VLJQDO IRU QHJDWLYH UHLQIRUFHPHQW 7KLV KDV OHG VRPH UHVHDUFKHUV
WR SURSRVH WKDW RWKHU QHXURWUDQVPLWWHUV RU QHXURPRGXODWRUV HJ VHURWRQLQ 'DZ HW DO  DUH
SULPDULO\ WDVNHG ZLWK WUDQVPLWWLQJ QHJDWLYH UHLQIRUFHPHQW +RZHYHU DOWKRXJK GRSDPLQH LV DS
SDUHQWO\ LQFDSDEOH RI FRQYH\LQJ WKH VDPH DPRXQW RI YDULDELOLW\ LQ QHJDWLYH UHLQIRUFHPHQW IURP D
FRPSXWDWLRQDO SHUVSHFWLYH WKLV PD\ DFWXDOO\ QRW EH SUREOHPDWLF ± HVSHFLDOO\ JLYHQ WKDW WKH SULPDU\
IXQFWLRQ RI 5/ LV WR HQDEOH WKH VHOHFWLRQ RI DFWLRQV OHDGLQJ WR WKHPD[LPL]DWLRQ RI UHZDUG 7KDW LV
EHFDXVH WKH JRDO RI WKH RUJDQLVP LV WR PD[LPL]H SRVLWLYH UHLQIRUFHPHQW NQRZLQJ WKDW DQ RXWFRPH
LV ³EDG´ LH VRPHZKDW QHJDWLYH LV SUREDEO\ VXIILFLHQW ± LW PD\ QRW EH QHFHVVDU\ WR VWRUH D SUH
FLVH YDOXH LQGLFDWLQJ KRZ EDG WZR GLIIHUHQW DOWHUQDWLYHV DUH ,QWHUHVWLQJO\ WKLV VXJJHVWV WKDW SHRSOH
PD\ QRW SHUIRUP YHU\ ZHOO DW VHOHFWLQJ WKH EHWWHU RXWFRPH DPRQJ WZR RU PRUH QHJDWLYH RXWFRPHV
FRPSDUHG WR D VLWXDWLRQ RI VHOHFWLQJ WKH EHVW DPRQJ WZR RU PRUH SRVLWLYH RXWFRPHV ,QGHHG WKLV

K\SRWKHVLV LV FRQILUPHG LQ D UHFHQW VWXG\ SDUWLFLSDQWV DUH OHVV DFFXUDWH DQG VORZHU DW VHOHFWLQJ WKH
OHVV SXQLVKHG LH FRUUHFW REMHFW RQ WULDOV LQ ZKLFK ERWK REMHFWV ZHUH SXQLVKHG ³3XQ3XQ´ WULDOV
UHODWLYH WR WULDOV RQ ZKLFK ERWK REMHFWV ZHUH UHZDUGHG ³5HZ5HZ´ WULDOV DV ZHOO DV UHODWLYH WR WULDOV
RQ ZKLFK RQH REMHFW ZDV UHZDUGHG DQG WKH RWKHU ZDV SXQLVKHG %ODLU HW DO 
1RQ5HZDUG5HODWHG 6LJQDOLQJ $V PHQWLRQHG HDUOLHU DQRWKHU REMHFWLRQ KDV WR GR ZLWK WKH
FODLP WKDW SKDVLF FKDQJHV LQ GRSDPLQH UHIOHFW UHZDUGSUHGLFWLRQ HUURU 7KH REMHFWLRQ DULVHV EH
FDXVH WKHUH DUH FDVHV LQ ZKLFK SKDVLF LQFUHDVHV LQ GRSDPLQH ZKLFK VKRXOG VLJQDO SRVLWLYH UHZDUG
SUHGLFWLRQ HUURU RFFXU WKDW DSSHDU WR EH XQUHODWHG WR UHZDUG 7KHVH FDVHV RIWHQ WHUPHG µQRYHOW\¶
RU µVDOLHQF\¶ UHVSRQVHV KDYH EHHQ VKRZQ WR RFFXU YHU\ UDSLGO\ EHIRUH D UHZDUG SUHGLFWLRQ FDQ EH
PDGH DQG DOVR KDYH EHHQ VKRZQ WR RFFXU IRU VWLPXOL WKDW OHDG WR HLWKHU UHZDUG RU SXQLVKPHQW 7KH
IDFW WKDW WKHUH PLJKW EH D SRVLWLYH UHZDUGSUHGLFWLRQ HUURU IRU D QHJDWLYHO\YDOXHG VWLPXOXV DSSHDUV
WR SRVH SUREOHPV IRU UHZDUGSUHGLFWLRQ HUURU DFFRXQW RI SKDVLF GRSDPLQH VSHFLILFDOO\ DQG 5/ LQ
WKHVH FLUFXLWV PRUH JHQHUDOO\ +RZHYHU FRPSXWDWLRQDO VLPXODWLRQV RI 5/ DJHQWV FDQ EH XVHG WR
DGGUHVV WKLV FRQFHUQ DQG VXFK VLPXODWLRQV DUH UHSRUWHG LQ &KDSWHU 
 &21&/86,21
7KLV VWXG\ LV WKH ILUVW WR GHPRQVWUDWH WKDW UHZDUGSUHGLFWLRQ HUURUV DUH FRPSXWHG LQ WKH VWULDWXP IRU
ERWK SK\VLFDO LH PRWRULF DV ZHOO DV FRJQLWLYH LH QRQPRWRULF DFWLRQV
7KLV VXJJHVWV WKDW WKH EDVDO JDQJOLD PD\ SHUIRUP WKLV IXQFWLRQ IRU DQ\ DFWLRQ WKDW LV UHSUHVHQWHG
LQ UHJLRQV RI QHRFRUWH[ WKDW SURMHFW WR WKH EDVDO JDQJOLD QRWDEO\ HYHQ LI WKH DFWLRQ GRHV QRW LQYROYH
PRWRU RXWSXW )XWXUH VWXGLHV ZLOO LQYHVWLJDWH ZKHWKHU WKH UHLQIRUFHPHQW RI RWKHU QRQPRWRU ³DF
WLRQV´ HJ PHQWDO URWDWLRQ PDQLSXODWLRQ RI LWHPV ZRUNLQJ PHPRU\ PDWK OLQJXLVWLF SURFHVVLQJ
DQGRU RWKHU FRJQLWLYH RSHUDWLRQV PD\ HQJDJH GLIIHUHQW UHJLRQV RI WKH EDVDO JDQJOLD LQ ZD\V VLPLODU
WR WKH DFWLRQV H[DPLQHG LQ WKLV VWXG\
7KLV VWXG\ DOVR GHPRQVWUDWHG DQDWRPLFDOO\ORFDOL]HG UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV LQ
UHJLRQV NQRZQ WR SDUWLFLSDWH LQ VSHFLILF FRUWLFREDVDO JDQJOLD ORRSV DQG LQ WKH FRQWURO RI VSHFLILF
DFWLRQV 7KLV UHVXOW LV LPSRUWDQW EHFDXVH SULRU UHVHDUFK KDV IRFXVHG H[FOXVLYHO\ RQ WKH YHQWUDO

VWULDWXP LQ 5/ RU RQ D GLYLVLRQ EHWZHHQ YHQWUDO DQG GRUVDO H[WHQWV RI WKH VWULDWXP LH JRDOGLUHFWHG
YHUVXV KDELW OHDUQLQJ 7KH SUHVHQW UHVXOWV VXJJHVW WKDW UDWKHU WKDQ D IRFXV RQ WKH GLYLVLRQ EHWZHHQ
YHQWUDO DQG GRUVDO VWULDWXP WKDW VHSDUDWH UHJLRQV RI WKH VWULDWXP DOO SHUIRUP WKH VDPH FRPSXWDWLRQV
IRU DIIHUHQW LQIRUPDWLRQ 7KXV LW PD\ EH WKDW WKH VWULDWXP LV SHUIRUPLQJ WKH VDPH FRPSXWDWLRQ WR
DOO QHRFRUWLFDO LQIRUPDWLRQ ± VR WKDW ZKDW GLIIHUV IURP RQH VWULDWDO UHJLRQ WR DQRWKHU LV QRW WKH QDWXUH
RI WKH FRPSXWDWLRQ SHUIRUPHG WKHUH EXW UDWKHU WKH REMHFW RI WKDW FRPSXWDWLRQ )RU H[DPSOH LQ WKH
FDVH RI YHQWUDO VWULDWXP LW LV NQRZQ WKDW WKH QHRFRUWLFDO DIIHUHQWV DUH SULPDULO\ OLPELF LQ QDWXUH
FDUU\LQJ HPRWLRQDO LQIRUPDWLRQ 2QH SUHGLFWLRQ WKXV LV WKDW WKH UHLQIRUFHPHQW RI HPRWLRQDO VWDWHV
ZRXOG JHQHUDWH UHZDUGSUHGLFWLRQ HUURU VLJQDOV LQ YHQWUDO VWULDWXP PXFK DV WKH UHLQIRUFHPHQW RI
KDQG PRYHPHQWV FDXVHG UHZDUGSUHGLFWLRQ HUURUV LQ WKH SRVWHULRU SXWDPHQ
%HVLGHV VKRZLQJ WKDW WKH EDVDO JDQJOLD ZHUH LQYROYHG LQ WKH 5/ RI SK\VLFDO DQG FRJQLWLYH DF
WLRQV WKH H[SHULPHQWDO ZRUN SUHVHQWHG LQ WKLV FKDSWHU DOVR VXJJHVWHG WKDW WKH FRUWLFREDVDOJDQJOLD
ORRS PLJKW EH D VXEVWUDWH IRU UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV 7KXV WKH UHVXOWV SURYLGH D QHZ
FRQVWUDLQW RQ D SRVVLEOH PDSSLQJ EHWZHHQ 5/ DQG EDVDO JDQJOLD DQDWRP\ )LQDOO\ WKH UHVXOWV DOVR
VXJJHVWHG D QHZ PDWKHPDWLFDO OHDUQLQJ UXOH WKDW LV QRW RQO\ PRUH FRPSXWDWLRQDOO\ SRZHUIXO EXW
DOVR KHOSV H[SODLQ UHVXOWV IURP RWKHU H[SHULPHQWDO SDUDGLJPV VXFK DV EORFNLQJ DQG GRZQVKLIWLQJ
7KH VWULDWDO I05, UHVXOWV ZHUH QRW DV VWDWLVWLFDOO\ VLJQLILFDQW DV WKH\ FRXOG KDYH EHHQ WKH\ GLG
QRW VXUYLYH FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQ 3DUW RI WKLV PD\ KDYH EHHQ EHFDXVH DV PHQWLRQHG
LQ WKH EDFNJURXQG VHFWLRQ  RQ SDJH  WKH %2/' UHVSRQVH LV NQRZQ WR EH GLUHFWO\ UHODWHG WR
GRSDPLQH DFWLYDWLRQ .QXWVRQ DQG *LEEV  DQG GRSDPLQH LV EHOLHYHG WR EH JHQHUDOO\ UHOHDVHG
VLPXOWDQHRXVO\ E\ DOO GRSDPLQH QHXURQV 7KH IORRGLQJ RI GRSDPLQH PD\ KDYH UHGXFHG WKH VLJQDO
WR QRLVH UDWLR LQ WKH VWULDWXP GXULQJ WKH FRXUVH RI WKH VWXG\ E\ JHQHUDWLQJ DQ LQFUHDVHG DYHUDJH
µEDFNJURXQG¶ OHYHO RI DFWLYLW\
$OWKRXJK WKH UHVXOWV VXJJHVW D PDSSLQJ RI 5/ WR WKH EDVDO JDQJOLD DQ LPSRUWDQW TXHVWLRQ LV
ZKHWKHU 5/ LV WKH SULQFLSDO FRPSXWDWLRQ RI WKH EDVDO JDQJOLD RU ZKHWKHU WKH EDVDO JDQJOLD DOVR KDYH
RWKHU IXQFWLRQV WKDW WKH\ FRPSXWH LQ SDUDOOHO $QRWKHU IXQFWLRQ PLJKW EH WR FRPSXWH DQG VLJQDO WKH
SUHVHQFH RI VDOLHQW EXW QRW QHFHVVDULO\ UHZDUGUHODWHG VWLPXOL %XQ]HFN DQG ']HO  +RUYLW]
 .QXWVRQ DQG &RRSHU  =LQN HW DO   8QOHVV VDOLHQF\ VLJQDOV FRXOG EH VKRZQ
WR EH FRPSDWLEOH ZLWK UHZDUGSUHGLFWLRQ HUURU VLJQDOV VDOLHQF\ VLJQDOV FRXOG DGG FRPSOH[LW\ WR

WKH FRPSXWDWLRQV EHFDXVH VDOLHQF\ DSSHDUV WR LQWHUDFW ZLWK UHZDUG HJ =LQN HW DO  ,Q WKH
IROORZLQJ FKDSWHU D FRPSXWDWLRQDO VWXG\ RI VDOLHQF\ LV FDUULHG RXW LQ WKH FRQWH[W RI 5/ VLPXODWLRQV
WR KHOS DGGUHVV WKLV FRQFHUQ

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7KH EDVDO JDQJOLD DSSHDU WR EH LQYROYHG LQ UHZDUGUHODWHG OHDUQLQJ ± WKLV IDFW LV VXSSRUWHG E\ WKH
VWXG\ GHVFULEHG LQ WKH SUHYLRXV FKDSWHU DV ZHOO DV D YDULHW\ RI SULRU DQG FXUUHQW ILQGLQJV +RZHYHU
D UDQJH RI ILQGLQJV LPSOLFDWH WKH EDVDO JDQJOLD LQ WKH SURFHVVLQJ RI QRYHO DQG VDOLHQW VWLPXOL =LQN
HW DO   $OWKRXJK VRPH REMHFWV DSSHDU WR KDYH LQWULQVLF VDOLHQFH HJ EULJKWQHVV HGJHV
VXGGHQ WHPSRUDO RQVHW RU VDOLHQFH EURXJKW RQ E\ FRQWH[W HJ VLQJOHWRQ SRSRXW HIIHFWV VWXGLHV
VXJJHVW WKDW VDOLHQFH DQG UHZDUG PD\ LQWHUDFW =LQN HW DO  $ SRVVLEOH H[SODQDWLRQ IRU WKLV
LQWHUDFWLRQ LV WKDW UHZDUGHG VWLPXOL PD\ EHFRPH PRUH SHUFHSWXDOO\ VDOLHQW WKURXJK SODVWLFLW\ PHFK
DQLVPV LQYROYHG LQ UHFRUGLQJ UHZDUGLQJ H[SHULHQFH ,PSRUWDQWO\ WKHUH H[LVW VHULRXV FKDOOHQJHV IRU
WKH LQGHSHQGHQW VWXG\ RI UHZDUG YHUVXV VDOLHQFH LQ UHDO ELRORJLFDO V\VWHPV
$QRWKHU DVSHFW RI EDVDO JDQJOLD IXQFWLRQ WKDW DSSHDUV WR UHIOHFW WKH LQWHUSOD\ RI UHZDUGUHODWHG
OHDUQLQJ DQG VDOLHQF\ LV IRXQG LQ WKH SKDVLF DFWLYLW\ RI WKH GRSDPLQH QHXURQV ([SHULPHQWDO ZRUN
E\ 6FKXOW] DQG FROOHDJXHV KDV GHPRQVWUDWHG WKDW XQGHU FHUWDLQ FLUFXPVWDQFHV WKH SKDVLF DFWLYLW\ RI
GRSDPLQHUHOHDVLQJ QHXURQV DSSHDUV WR VLJQDO GLIIHUHQFHV EHWZHHQ SUHGLFWHG DQG UHFHLYHG UHZDUG
6FKXOW]  7KLV IDFW KDV EHHQ XVHG DV WKH EDVLV IRU OLQNLQJ 5HLQIRUFHPHQW /HDUQLQJ 5/
WR FRPSXWDWLRQDO WKHRULHV RI EDVDO JDQJOLD IXQFWLRQ +RZHYHU H[SHULPHQWDO ILQGLQJV VXJJHVW WKDW
WKLV µUHZDUGSUHGLFWLRQ HUURU¶ LV EXW RQH RI VHYHUDO VLJQDOV FRPPXQLFDWHG E\ WKDW SKDVLF DFWLYLW\
DQRWKHU VLJQDO WKDW LV DOVR SUHVHQW LQ SKDVLF GRSDPLQH DSSHDUV WR UHIOHFW UHVSRQVHV WR VDOLHQW EXW
XQSUHGLFWHG QRQUHZDUG HYHQWV +RUYLW]  5HGJUDYH DQG *XUQH\ 
,Q DQ DWWHPSW WR UHFRQFLOH UHZDUGUHODWHG DFWLYLW\ ZLWK QRYHOW\VDOLHQF\ DFWLYLW\ VRPH PRGHOHUV

KDYH UHVRUWHG WR PDNLQJ WKH DGGLWLRQDO D SULRUL DVVXPSWLRQ LQ WKHLU FRPSXWDWLRQDO PRGHOV RI EDVDO
JDQJOLD IXQFWLRQ WKDW QRYHO XQH[SHFWHG VWLPXOL DUH UHZDUGLQJ IRU D UHYLHZ VHH *LOOLHV DQG $U
EXWKQRWW  .DNDGH DQG 'D\DQ  $OWKRXJK DGGLQJ WKLV D SULRUL DVVXPSWLRQ DOORZV WKHVH
PRGHOV WR FDSWXUH QHXUDO DFWLYLW\ TXLWH ZHOO WKRVH PRGHOV FRQVHTXHQWO\ FDQQRW VKHG OLJKW RQ H[DFWO\
KRZ UHZDUGUHODWHG DFWLYLW\ LV UHODWHG WR QRYHOW\VDOLHQF\ DFWLYLW\ )RU H[DPSOH LW LV FRQFHLYDEOH
WKDW RQH W\SH RI DFWLYLW\ JLYHV ULVH WR WKH RWKHU )XUWKHU LI ERWK W\SHV RI DFWLYLW\ DUH HQWHUHG LQWR WKH
PRGHO DV DVVXPSWLRQV LW LV LPSRUWDQW WR H[DPLQH WKH FRQVHTXHQFHV RI WKHVH FRPELQHG DVVXPSWLRQV
RQ EHKDYLRU
7KH DUWLFOH WKDW LV LQFOXGHG DV WKH PDLQ FRQWHQW RI WKLV FKDSWHU XVHV DQ 5/ VLPXODWLRQ WR H[DPLQH
ZKHWKHU QRYHOW\ DQG VDOLHQF\ UHVSRQVHV PLJKW HPHUJH GXH WR EDVLF 5/ SULQFLSOHV ,PSRUWDQWO\ WKH
5/ VLPXODWLRQ PDNHV D PLQLPDO QXPEHU RI QRQFRQWURYHUVLDO DVVXPSWLRQV ,QGHHG WKH VLPXODWLRQ
LV HIIHFWLYHO\ EDVHG RQ D ³SODLQYDQLOOD´ 5/ DJHQW LQ D VLPSOH RQHGLPHQVLRQDO HQYLURQPHQW ZLWK
WZR DGGLWLRQDO DVVXPSWLRQV UHODWHG WR WKH DJHQW¶V DELOLW\ WR SHUFHLYH REMHFWV LQ LWV HQYLURQPHQW
DV ZHOO DV WKH QHHG WR DSSURDFK WKH REMHFW LQ RUGHU WR H[WUDFW YDOXH IURP LW LH FRQVXPPDWRU\
EHKDYLRU
7KH UHVXOWV RI WKH VLPXODWLRQ VKRZ WKDW WKH DELOLW\ WR OHDUQ UHZDUG SUHGLFWLRQV ZLWKLQ WKH VWXG\
FRQVWUDLQWV LV VXIILFLHQW WR JHQHUDWH DFWLYLW\ FRQVLVWHQW ZLWK WKH DSSDUHQWO\ QRQUHZDUGUHODWHG SKD
VLF GRSDPLQHUJLF UHVSRQVH 7KDW LV DQ DJHQW WKDW LV IRUPXODWHG WR OHDUQ UHZDUG SUHGLFWLRQV ZLOO
DOVR DV D FRQVHTXHQFH RI OLPLWHG SHUFHSWXDO DELOLW\ JHQHUDWH QRYHOW\ DQG VDOLHQF\ UHVSRQVHV
 $57,&/( &217(17
7KH QH[W SDJHV FRQWDLQ WKH IXOO WH[W RI /DXUHQW  7KH HPHUJHQFH RI VDOLHQF\ DQG QRYHOW\
UHVSRQVHV IURP UHLQIRUFHPHQW OHDUQLQJ SULQFLSOHV 1HXUDO 1HWZRUNV  7KH SXEOLVKHU
(OVHYLHU JUDQWV DXWKRUV WKH ULJKW WR UHXVH WKHLU RZQ DUWLFOHV SXEOLVKHG E\ (OVHYLHU HLWKHU LQ SDUW RU
LQ IXOO LQ D WKHVLV RU GLVVHUWDWLRQ )RU LQIRUPDWLRQ WKLV ULJKW SOHDVH VHH SDJH  RI 3DPSKOHW 
:D\V WR 8VH -RXUQDO $UWLFOHV 3XEOLVKHG E\ (OVHYLHU $ 3UDFWLFDO *XLGH UG (GLWLRQ 

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a b s t r a c t
Recent attempts to map reward-based learning models, like Reinforcement Learning [Sutton, R. S., &
Barto, A. G. (1998). Reinforcement Learning: An introduction. Cambridge, MA: MIT Press], to the brain
are based on the observation that phasic increases and decreases in the spiking of dopamine-releasing
neurons signal differences between predicted and received reward [Gillies, A., & Arbuthnott, G. (2000).
Computational models of the basal ganglia. Movement Disorders, 15(5), 762–770; Schultz, W. (1998).
Predictive reward signal of dopamine neurons. Journal of Neurophysiology, 80(1), 1–27]. However, this
reward-prediction error is only one of several signals communicated by that phasic activity; another
involves an increase in dopaminergic spiking, reflecting the appearance of salient but unpredicted non-
reward stimuli [Doya, K. (2002). Metalearning and neuromodulation.Neural Networks, 15(4–6), 495–506;
Horvitz, J. C. (2000). Mesolimbocortical and nigrostriatal dopamine responses to salient non-reward
events. Neuroscience, 96(4), 651–656; Redgrave, P., & Gurney, K. (2006). The short-latency dopamine
signal: A role in discovering novel actions?Nature Reviews Neuroscience, 7(12), 967–975], especiallywhen
an organism subsequently orients towards the stimulus [Schultz, W. (1998). Predictive reward signal
of dopamine neurons. Journal of Neurophysiology, 80(1), 1–27]. To explain these findings, Kakade and
Dayan [Kakade, S., & Dayan, P. (2002). Dopamine: Generalization and bonuses. Neural Networks, 15(4–6),
549–559.] and others have posited that novel, unexpected stimuli are intrinsically rewarding. The
simulation reported in this article demonstrates that this assumption is not necessary because the effect
it is intended to capture emerges from the reward-prediction learning mechanisms of Reinforcement
Learning. Thus, Reinforcement Learning principles can be used to understand not just reward-related
activity of the dopaminergic neurons of the basal ganglia, but also some of their apparently non-reward-
related activity.
© 2008 Elsevier Ltd. All rights reserved.
Reinforcement Learning (RL) is becoming increasingly important
in the development of computational models of reward-based
learning in the brain (Gillies & Arbuthnott, 2000). RL is a class of
computational algorithms that specifies how an artificial ‘‘agent’’
(e.g., a real or simulated robot) can learn to select actions in
order to maximize total expected reward (Sutton & Barto, 1998).
In these algorithms, an agent bases its actions on values that it
learns to associate with various states (e.g., the perceptual cues
associated with a stimulus). These values can be gradually learned
through temporal-difference learning, which adjusts state values
based on the difference between the agent’s existing reward
prediction for the state and the actual reward that is subsequently
obtained from the environment. This computed difference, termed
reward-prediction error, has been shown to correlate very well
✩ Contributed article.∗ Tel.: +1 412 624 3191; fax: +1 412 624 9149.
E-mail address: patryk@cnbc.cmu.edu.
with the phasic activity of dopamine-releasing neurons projecting
from the substantia nigra in non-human primates (Schultz, 1998).
Furthermore, in humans, the striatum,which is an important target
of dopamine, exhibits an fMRI BOLD signal that appears to reflect
reward-prediction error during reward-learning tasks (McClure,
Berns, & Montague, 2003; O’Doherty, Dayan, Friston, Critchley, &
Dolan, 2003; Tanaka et al., 2004). This fMRI finding complements
the physiology data because striatal BOLD is assumed to reflect, at
least in part, afferent synaptic activity (Logothetis, Pauls, Augath,
Trinath, & Oeltermann, 2001) and the dopamine neurons project
heavily to the striatum.
Although the aforementioned physiological responses appear
to be related to the reward-prediction computations of RL, there
is also an increase in dopaminergic phasic activity in response to
arousing and/or novel stimuli that is seemingly unrelated to re-
ward (Dommett et al., 2005; Doya, 2002; Horvitz, 2000; Redgrave,
Prescott, &Gurney, 1999). A similar phenomenonhas been recently
observed in humans using fMRI (Bunzeck &Düzel, 2006). There are
several reasons why this ‘‘novelty’’ or ‘‘saliency’’ response is said to
be unrelated to reward-prediction error: (1) it appears very early,
0893-6080/$ – see front matter© 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.neunet.2008.09.004
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before the identity of the stimulus has been assessed, so that an ac-
curate reward prediction cannot be generated; (2) it corresponds
to an increase in neural activity (i.e., it is positive) for both aversive
and appetitive stimuli; and (3) it habituates (Redgrave & Gurney,
2006). Indeed, these saliency/novelty responses of the dopamine-
releasing neurons are most reliable when the stimuli are unpre-
dicted and result in orienting and/or approach behavior (Schultz,
1998) regardless of the eventual outcome, highlighting the fact that
they are qualitatively different from learned reward prediction.
The challenge, therefore, has been to explain this apparent para-
dox (i.e., how novelty affects the reward-prediction error) within
the theoretical framework of RL.
Kakade and Dayan (2002) attempted to do exactly this; in their
article, they postulate two ways in which novelty responses could
be incorporated into RL models of dopaminergic function—both
involved the inclusion of new theoretical assumptions. The first
assumption, referred to as novelty bonuses, involves introducing
an additional reward when novel stimuli are present, above and
beyond the usual reward received by the agent. This additional
reward enters into the computation so that learning is based
on the difference between the agent’s existing reward prediction
and the sum of both the usual reward from the environment
and the novelty bonus. Thus, the novelty becomes part of the
reward that the agent is attempting to maximize. The second
assumption, termed shaping bonuses, can be implemented by
artificially increasing the values of states associated with novel
stimuli. Because the temporal-difference learning rule used in RL is
based on the difference in reward-prediction between successive
states, the addition of a constant shaping bonus to states concerned
with the novel stimuli has no effect on the final behavior of the
agent. However, a novelty response still emerges when the agent
enters the part of the state space that has been ‘‘shaped’’ (i.e., that
is associated with novelty).
Although the addition of each of these assumptions is sufficient
to explain many observed effects of novelty, the assumptions also
interfere with the progression of learning. As Kakade and Dayan
(2002) point out, novelty bonuses can distort the value function
(i.e., the values associated with each state by the agent) and
affect what is ultimately learned because they are implemented
as an additional reward that is intrinsically associated with novel
states. The problem is that the agent learns to predict both
the primary and novelty components of the reward. Although
Kakade and Dayan point out that shaping bonuses do not cause
this type of problem because they become incorporated into
the reward predictions from preceding states, their addition is
still problematic because shaping bonuses introduce biases into
the way an agent will explore its state space. Thus, although
these additional assumptions may explain how novelty affects
the reward-prediction error in RL, they are problematic. Further,
the explanations come at the cost of reducing the parsimony of
modeling work that attempts to use RL to understand the behavior
of real biological organisms.
The simulation reported below was carried out in order to test
the hypothesis that a simple RL agent, without any additional
assumptions, would develop a reward-prediction error response
that is similar to the non-reward-related dopamine responses that
are observed in biological organisms. An RL agent was given the
task of interacting with two types of object – one positive and
the other negative – that appeared at random locations in its
environment. In order to maximize its reward, the agent had to
learn to approach and ‘‘consume’’ the positive object, and to avoid
(i.e., not ‘‘consume’’) the negative object. There were three main
predictions for the simulation.
The first prediction was simply that, in order to maximize its
reward, the agent would in fact learn to approach and ‘‘consume’’
the positive, rewarding objects while simultaneously learning to
avoid the negative, punishing objects. The second prediction was
slightly less obvious: that the agent would exhibit an orienting
response (i.e., learn to shift its orientation) towards both negative
and positive objects. This prediction was made because although
the agent could ‘‘sense’’ the appearance of an object and its
location, the positive or negative identity of the object (i.e., the
cue that the agent would eventually learn to associate with the
reward value of the object) could not be determined by the agent
until after the agent had actually oriented towards the object.
Finally, the third (and most important) prediction was related
to the simulated dopaminergic phasic response in the model;
this prediction was that, when the object appeared, the agent
would exhibit a reward-prediction error that was computationally
analogous to the phasic dopamine response observed in biological
organisms, being positive for both positive and negative objects.
This response was also predicted to vary as a function of the
distance between the agent and the stimulus, which in the context
of the simulation was a proxy measure for stimulus ‘‘intensity’’
or salience. As will be demonstrated below, these predictions
were confirmed by the simulation results, demonstrating that
the apparently non-reward-related dopamine responses can in
principle emerge from the basic principles of RL. The theoretical
implications of these results for using RL to understand non-
reward-related activity in biological organisms will be discussed
in the final section of this article.
1. Method
As already mentioned, RL algorithms specify how an agent can
usemoment-to-moment numerical rewards to learnwhich actions
it should take in order tomaximize the total amount of reward that
it receives. In most formulations, this learning is achieved by using
reward-prediction errors (i.e., the difference between an agent’s
current reward prediction and the actual reward that is obtained)
to update the agent’s rewardpredictions. As the rewardpredictions
are learned, the predictions can also be used by an agent to select
its next action. The usual policy (defined in Eq. (2)) is for the agent
to select the action that is predicted to result in the largest reward.
The actual reward that is provided to the agent at any given time is
the sum of the immediate reward plus some portion of the value of
the state that the agent enters when the action is completed. Thus,
if the agent eventually experiences positive rewards after having
been in a particular state, the agent will select actions in the future
that are likely to result in those rewarded states; conversely, if the
agent experiences negative rewards (i.e., punishment) it will avoid
actions in the future that lead to those ‘‘punished’’ states.
The specific algorithm that determines the reward predictions
that are learned for the various states (i.e., the value function V ) is
called Value Iteration1 and can be formally described as:
1 Another Reinforcement Learning algorithm, called Trajectory Sampling (Sutton
& Barto, 1998), is frequently used instead of Value Iteration when the state space
becomes so large that it cannot be exhaustively iterated or easily stored in a
computer’s memory. Rather than iterating over every state in the state space and
applying the value function update equation based on the actions that appear to
lead to the most reward, Trajectory Sampling works by following paths through
the state space. Similar to Value Iteration, the actions leading to the most reward
are usually selected fromeach state, but occasionally a randomexploratory action is
chosenwith some small probability. Thus the algorithm is: From some starting states,
select an action leading to the most reward [e.g., reward+ γ V (s￿)] with probability ε,
or select a random exploratory action with probability 1 − ε. Apply V (s) ← V (s) +
α[reward+ γ V (s￿)− V (s)] during non-exploratory actions from states.
Besides overcoming the technical limitations of computational time andmemory,
Trajectory Sampling may be appealing because it may better reflect the manner in
which real biological organisms learn: by exploring paths in a state space. On the
task described in this paper, Trajectory Sampling yields results that are qualitatively
identical to those obtained with Value Iteration. However, for conciseness those
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For all possible states s,
V (s)← V (s)+ α
￿
max




where s corresponds to the current state, V (s) is the current
reward prediction for state s that has been learned by the
agent, maxaction∈M{} is an operator for the maximum value of the
bracketed quantity over the set of all actions M available to the
agent, V (s￿) is the agent’s current reward prediction for the next
state s￿, α is some learning rate (between 0 and 1), and γ is a
discount factor reflecting how future rewards are to be weighted
relative to immediate rewards. The initial value function was set
so that V (s)was 0 for all states s.
The value function V (s) was implemented as a lookup table,
which is formally equivalent to the assumption of perfectmemory.
Although function approximators such as neural networks have
been used with some success to represent value functions (Baird,
1995), a lookup table was used to ensure that the results were
not dependent on the types of generalization mechanism that are
providedby various function approximators. The agentwas trained
for 1500 learning iterations over its state space. Because of the
unpredictability of the identity of the objects, a value function
update parameter of less than one (α = 0.01) was used during
the learning to allow for averaging of different outcomes. Finally,
the discount factor was set to γ = 0.99 to encourage the agent
to seek reward sooner rather than delay its approach behavior
until the end of the trial (although changing it from a default
value of 1 had no effect on the results reported here). In order to
independently determine whether 1500 learning iterations were
sufficient for learning to complete, the average amount of change
in the learned was monitored and was found to have converged
before this number of iterations.
After training, the specific algorithm that governs the agent’s




[reinforcement+ γ V (s￿)] (2)
where π(s) is the action the agent will select from state s, and
the right side of the equation returns the action (e.g., change of
orientation, movement, or no action) which maximizes the sum of
the reward and the discounted value of the resulting state s￿.
In the simulation that is reported below, all of the states that
were visited by the agent were encoded as 7-dimensional vectors
that represented information about both the external ‘‘physical’’
state of the agent and its internal ‘‘knowledge’’ state. The physical
information included both the agent’s current position in space and
its orientation. The knowledge information included the position
of the object (if one was present) and the identity of that object
(if it had been determined by the agent). The specific types
of information that were represented by the agent are shown
in Table 1.
results are not reported here in detail. Value Iteration was selected for the
simulation in this paper for two main reasons. First, because Trajectory Sampling
involves stochasticity in the selection of trajectories; the large amount of branching
that is due to the many possible sequences of actions in this task may result in
agents that lack experience with some states unless the exploration–exploitation
parameter (i.e., ε-greediness (Sutton & Barto, 1998)) is carefully selected. This lack
of experience with particular states can be disruptive of an agent’s performance
when a lookup table memory structure is used because of the lack of generalization
of value to similar (but possibly unvisited) states. Thus, it was preferred to take
advantage of the exhaustive exploration of state space that is guaranteed with
Value Iteration. Second, the use of Value Iteration obviated the need to specify that
additional exploration–exploitation parameter, thereby simplifying the simulation.
Note that Trajectory Sampling can ultimately approximate Value Iteration as the
number of trajectories approaches infinity (Sutton & Barto, 1998).
There were a total of 21,120 states in the simulation2. However,
the states in which there was an unidentified positive and
unidentified negative object are, from the perspective of the agent,
identical, so there are therefore only 16,280 distinct states. Thus,
during each iteration of learning, it was necessary to visit some of
those ‘‘identical’’ states twice to allow for the fact that half of the
time theymight be followedwith the discovery of a positive object,
and half of the time they might be followed with the discovery of
a negative object.3
At the beginning of each simulated testing trial, the agent was
placed in the center of a simulated linear 11 × 1 unit track with
five spaces to the ‘‘east’’ (i.e., to the right) of the agent and five
spaces to the ‘‘west’’ (i.e., to the left) of the agent. As Table 1 shows,
the agent’s state-vector included an element indicating its current
location on the track (i.e., an integer from 0 to 10), as well as
an element (i.e., a character ‘‘n’’, ‘‘s’’, ‘‘e’’, or ‘‘w’’) representing its
current orientation (i.e., north, south, east, or west, respectively).
The agent’s initial orientation was always set to be ‘‘north,’’ and
no other object was present in the environment (i.e., the value of
‘‘OBJECT’’ in the agent’s state-vector was set to equal to ‘‘0’’).
During each time-step of the simulation, the agent could
perform one of the following actions: (1) do nothing, and remain
in the current location and orientation; (2) orient to the north,
south, east orwest; or (3)move one space in the environment (east
or west). The result of each action took place on the subsequent
simulated time-step. All changes in the location and/or orientation
of the agent in space occurred through the selection of actions by
the agent. However, during every time-step of the simulation, even
when a ‘‘do nothing’’ actionwas selected, timewas incremented by
1 until the end of the trial (i.e., time-step 20).
The agent’s environment was set up so that half of the time,
an object appeared at a random location (but not in the same
location as the agent) after ten time steps; 50% of the objects were
positive (represented by a ‘‘+’’; see Table 1) and 50% of the objects
were negative (represented by a ‘‘−’’). The delay before the object
appeared was introduced to allow the observation of any behavior
the agent may have exhibited before the appearance of the object.
If the agent was not oriented towards the object when it appeared,
then the element representing the ‘‘OBJECT’’ identity in the agent’s
state vector was changed from ‘‘0’’ to ‘‘?’’ to reflect the fact that
the identity of the object that was now present was currently
unknown. However, if the agent was oriented towards the object,
then on the subsequent time-step the ‘‘OBJECT’’ element was set to
equal to the identity of the object, so that ‘‘0’’ became either ‘‘+’’
or ‘‘−’’ for positive and negative objects, respectively.
If the agent moved to an object’s location, then during the next
time-step the object vanished. If the object had been positive,
then the agent’s ‘‘CONSUMED’’ flag was set equal to true and the
agent was rewarded (reward = +10); however, if the object
2 The number of 21,120 states can be calculated as follows: 11 possible agent
locations × 4 possible agent orientations × (10 time-steps before an object
might appear + 10 time-steps where no object appeared + 10 time-steps where
the agent had been positively reinforced + 10 time-steps where the object had
been negatively reinforced + 11 possible object locations × (10 time-steps with
a positive identified object + 10 time-steps with a negative identified object
+ 10 time-steps with an unidentified positive object + 10 time-steps with an
unidentified negative object))].
3 The existence of these ‘‘hidden’’ states must be considered during training
because Value Iteration only looks ‘‘one step ahead’’ from each state in the state
space. The fact that states with negative and positive unidentified objects are
effectively identical would prevent learning about and averaging the values in the
two different subsequent states in which either the positive or negative object
becomes identified. A Trajectory Sampling approach on the other hand maintains
the hidden state information (i.e., the identity of the unidentified stimulus)
throughout the trial and so with that variant of RL the hidden states are not a
concern.
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Table 1
The dimensions used in the RL simulations and the possible values of those dimensions.
Dimension no. Description Possible values
1 Position of agent Integer (0–10)
2 Orientation of agent Character (‘‘n’’, ‘‘s’’, ‘‘e’’, or ‘‘w’’)
3 Position of object Integer (0–10)
4 Identity of object Character (‘0’’, ‘‘?’’, ‘‘+’’, or ‘‘−’’)
5 ‘‘Shocked’’ by object Boolean (true or false)
6 ‘‘Consumed’’ object Boolean (true or false)
7 Time since trial onset Integer (0–20)
had been negative, then the ‘‘SHOCKED’’ flag was set to true
and the agent was punished (reward = −10). (Note that the
flags were set in this way regardless of whether the agent had
or had not identified the object; e.g., the agent could consume
an object without ever orienting towards it.) On the subsequent
time-step, the ‘‘SHOCKED’’ or ‘‘CONSUMED’’ flag was cleared. The
agent was also given a small penalty (reinforcement = −1) for
each movement or orienting action, and received no reward or
punishment (reinforcement = 0) if it performed no action.
Both the overt behaviors (i.e., orienting and movement) and a
measure of reward-prediction error were quantified for the agent.
The overt behavior (i.e., the list of actions selected by the agent)
was used as an indication of whether the task had been learned.
The measure of reward-prediction error was used to test the
hypothesis about the emergence of the non-reward dopaminergic
phasic signal. The reward-prediction error, δ, was measured at the
time t of the appearance of an object by subtracting the reward
prediction at the previous time-step, i.e., V (s) at time step t − 1,
from the reward prediction when the object appeared, i.e., V (s) at
time t , yielding the quantity δ = V (st)− V (st−1).
2. Results
Simulated behavior. The overt behavior of the agents was first
quantified. The results of this analysis showed that, after training,
the agent approached and obtained positive reinforcement fromall
of the positive objects and never approached any of the negative
objects. Together, these results provide behavioral confirmation
that the agents learned to perform the task correctly. This
conclusion is bolstered by the additional observation that, during
the trialswhennoobject appeared, the agent remainedmotionless.
As predicted, the agent oriented to both positive and negative
objects.
Simulated reward-prediction error. The central hypothesis of
this paper is that the appearance of an unpredictable stimulus
will consistently generate a positive reward-prediction error, even
if that object happens to be a ‘‘negative’’ object that is always
punishing. In support of this hypothesis, the agent exhibited
a positive reward-prediction error whenever an (unidentified)
object appeared, but not when nothing appeared. Also consistent
with the central hypothesis is the fact that the magnitude of the
agent’s phasic response (δ, measured as described in the Method
section) was sensitive to the simulated ‘‘intensity’’ of the stimulus,
defined using the distance between the agent and the object (see
Fig. 1). A regression analysis indicated that the magnitude of δ was
inversely related to the distance from the object, so that closer
objects caused a stronger response (r = −0.999, p < 0.001; β =
0.82). This negative correlation was caused by the small penalty
(reinforcement = −1) that was imposed for each movement that
the agent was required to make in order to approach the positive
object, consume it, and thereby obtain reward.
Given that positive and negative objects appeared in this
simulation with equal probability (p = .25), the question arises:
Why was the agent’s reward-prediction error signal positive at
the time of the object’s appearance? Reasoning along the lines
Fig. 1. This figure shows the reward-prediction error (i.e., δ) when the object
appeared as a function of the location of the object relative to the location of the
agent. The responses are identical for both positive and negative objects. When no
object appeared, the response was 0. Note that the size of the response is inversely
correlated with distance from the object when it appeared. There is no data for
location 0 because the object would be immediately consumed had it appeared
there.
of Kakade and Dayan (2002), one might predict that the signal
should reflect the average of all of the learned rewards from such
situations, and therefore be equal to zero. The key to understanding
this result is to note that not only does RL make an agent less
likely to choose actions that result in negative reinforcement, it
alsomakes an agent less likely to enter stateswhich eventually lead
to negative reinforcement. This results in a kind of ‘‘higher-order’’
form of learning that is depicted in Fig. 2 and described next.
At the beginning of learning (see Fig. 2A), the agent orients
to both ‘‘+’’ and ‘‘−’’ objects, approaches them, and is both
rewarded and punished by consuming each type of object. If
the agent’s learned state values were unable to influence the
agent’s actions (see Fig. 2B), then the agent would continue to
approach and consume the objects. The appearance of the cue
would then predict an average reward of 0 and there would not be
a sudden increase in reward-prediction error. However, the agent
in this simulation does use learned state values to influence its
actions (see Fig. 2C), and although the agent still has to orient to
the unknown object to determine its identity, it will no longer
consume a negative object if it approached it (as it might if trained
with a random exploration algorithm like trajectory sampling (see
Footnote 1)). Furthermore, because temporal-difference learning
allows the negative reward prediction to ‘‘propagate’’ back to
preceding states, and because there is a small cost for moving in
space, the agent learns to avoid approaching the negative object
entirely. Thus, after this information has been learned, the value
of the state when the object first appears (indicated as ‘‘V’’ in the
first circle in each sequence) is not based on the average of the
positive and negative outcome state values, but is instead based on
the average of positive and the ‘‘neutral’’ outcome that is attained
once the agent learns to avoid the negative objects. This is why the
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Fig. 2. Illustration showing how an RL agent develops positive reward-prediction
error when it is trained with both rewarding and punishing stimuli in its
environment and is able to choose whether to approach and consume them.
(A) The situation before learning: all states begin with a value of 0, and the agent
has not yet learned the rewarding and punishing values of the ‘‘+’’ and ‘‘−’’
stimuli. (B) A temporal-difference learning algorithm is used without allowing
those values to affect the actions of the agent: the agent learns reward predictions
based on experience but is unable to use the learned values to influence its own
behavior. In this case, the reward-prediction error when the object appears will
be the average of the positive and negative outcomes (i.e., 0). (C) We show what
happened in the present simulation. The agent quickly learns to avoid consuming,
or even approaching, the negative object. The result is that when the stimulus
appears, the reward-prediction error is based on the average of the positive
stimulus and a neutral outcome in which the negative stimulus is avoided and is
consistently greater than 0. Note: This figure does not illustrate the fact that in the
present simulation, more distant objects require more actions (and therefore more
intervening small punishments) in order to approach them. That fact is what causes
the decreasing magnitude of the novelty/saliency response for objects that appear
more distantly from the agent (e.g., as plotted in Fig. 2).
average of all rewards actually obtained by the trained agent was
greater than zero, and explains why the agent’s reward prediction
(and therefore reward-prediction error when the object suddenly
appears) was a net positive. This is illustrated in Fig. 3. In fact,
as long as the agent can learn to change its behavior and avoid
the negative object, the value of the negative object is ultimately
irrelevant to the final behavior of the agent and the magnitude of
the novelty/saliency response.
Fig. 3. (A) Demonstrates the changes in reward prediction that would have
occurred if RL did not result in higher-order learning (i.e., if the agent could not
take measures to avoid the negative outcome), so that the agent was forced to
consume all the objects that appeared. When an object appears, the agent does
not know yet its identity but generates a net reward prediction of zero because the
reward prediction is the average of the positive and negative consequences (i.e., half
the time the object has been positive, and half the time it has been negative).
(B) Demonstrates what actually occurred: higher-order learning permitted the
agent to avoid the negative object, so that when the stimulus appeared, the agent
had a greater-than-0 reward prediction because it is the average of the positive
outcome and null outcomes. The curly brace spans the difference in reward-
prediction values that represents this reward-prediction error.
The simulation results are critically dependant on three
assumptions. First, the stimuli had to be ‘‘salient’’ in that the
magnitude of the reinforcement predicted by the initial cue was
sufficiently large (e.g., +10) relative to the costs of orienting and
approaching (e.g.,−1). If the magnitude had been relatively small,
the agent would not have learned to orient, nor would it have
generated the positive reward-prediction error response. Second, a
delay prior to recognizing the stimuli was also necessary. (Delay is
a proxy for ‘‘novelty’’ under the reasoning that a familiar stimulus
would be quickly recognized.) Without a delay, the agent would
have simply generated the appropriate positive or negative reward
prediction error for the actual perceived object. Finally, the agent’s
behavior had to be determined by the values that it had learned. If
the agent could not use learned values to control its own behavior
(i.e., whether to approach the stimuli), then its reward prediction
when an object appeared would have equaled 0, the average of the
equiprobable positive and negative outcomes.
3. General discussion
The simulation reported in this article demonstrated that a
positive reward-prediction error occurs when an unpredictable
stimulus, either rewarding or punishing, appears but cannot be
immediately identified. Furthermore, the simulation indicated that
the size of the reward-prediction error increases with proximity of
the stimulus to the agent, which in the context of the simulation
is a proxy for stimulus intensity and is thus related to salience. In
the theoretical framework of RL, reward predictions are normally
understood to reflect the learned value of recognized stimuli, or of
the physical and/or cognitive states of an agent (Reichle & Laurent,
2006). However, the reward-prediction error reported here has
a qualitatively different interpretation because it is generated
before the agent has recognized the object. Together, these results
support the hypothesis that RL principles are sufficient to produce
a response that is seemingly unrelated to reward, but instead
related to the properties of novelty and saliency. This conclusion
has several important ramifications for our general understanding
of RL and for our interpretation of RL as an account of reward
learning in real biological organisms.
First, the reward prediction that is generated by an RL agent
when an unidentified stimulus appears is not necessarily a strict
average of the obtainable rewards as suggested by Kakade and
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Dayan (2002), but can in fact be greater in magnitude than that
particular average. Kakade and Dayan would predict that the
average reward prediction should be equal to zero because, the
trials were rewarded and punished equally often. This surprising
result emerged because the agent learned in an ‘‘on-policy’’
manner; that is, the agent learned not only about negative
outcomes, but also about its ability to avoid those outcomes.
This ability of the reward system to cause an agent to avoid
negative outcomes should be carefully considered in translating
our understanding of RL to real organisms. This fact is potentially
even more important given the apparent asymmetry in the
capacity of the dopaminergic phasic response to represent positive
reward prediction error better than negative reward prediction
error (Niv, Duff, & Dayan, 2005). It may be sufficient to indicate
that a particular sequence of events leads to a negative outcome,
but that for the purposes of action selection, the magnitude of that
outcome is unimportant.
A second ramification of the current simulation is that the
novelty response may emerge from an interaction between
perceptual processing systems and reward-prediction systems.
Specifically, the novelty responsemay be due to a formof similarity
between novel objects and objects that have not yet undergone
complete perceptual processing4. In this simulation, novelty was
implemented by introducing a delay before the object’s identity
(and consequently its rewarding or punishing nature) became
apparent to the agent. This was done under the assumption that
novel objects take longer to identify, but this assumption also
resulted in the positive and negative objects being perceived
similarly when they first appeared (i.e., they were both encoded
as ‘‘?’’). In contrast, Kakade and Dayan (2002) suggest that novelty
responses and ‘‘generalization’’ responses are essentially different
despite being manifested similarly in the neurophysiology data.
A third ramification of the current simulation results is that
they show that the additional assumptions of novelty and shaping
bonuses that were proposed by Kakade and Dayan (2002) are
not necessary. Instead, novelty-like responses can emerge from
realistic perceptual processing limitations and the knowledge of
being able to avoid negative outcomes. This is fortunate because,
as pointed out by Kakade and Dayan, novelty bonuses distort
the value function that is learned by an agent, and shaping
bonuses affect the way in which agents explore their state spaces.
The inclusion of either of these assumptions thus reduces the
parsimony of models based on RL theory. Interestingly, the results
presented here also help explain why the biological novelty
response might not be disruptive to reward-based learning in real
organisms: the novelty response is in fact already predicted by
RL. That is, the novelty response reflects behaviors and reward
predictions that are inherent in an agent that has already learned
something about its environment.
An alternative (but not mutually exclusive) interpretation
of the present simulation results is that there is indeed an
abstract (perhaps cognitive) reward that agents obtain by orienting
towards and identifying objects. In studies of dopaminergic
4 One potential objection to the present work is that the orienting response
appears to be hard-wired in themammalian brain, for example, in projections from
the superior colliculus (Dommett et al., 2005; Redgrave et al., 1999). In the present
simulation, the agents were not hard-wired to orient to objects but instead learned
an orienting behavior that permitted the eventual selection of an action (e.g., either
approach or avoidance) that maximized reward. Similarly to hard-wired responses,
these orienting behaviors occurred very rapidly, before the objects were identified,
and were directed towards all objects. The goal of this work was not to make the
claim that all such responses are learned, but rather that they can co-existwithin the
RL framework. Nevertheless, it would be interesting to investigatewhether reward-
relatedmechanismsmight be involved in setting up connectivity in brainstem areas
in order to generate this phasic dopamine response.
activity, positive phasic responses can occur to unanticipated cues
that are known to predict a reward. This simulation, however,
demonstrates how these kinds of responses can also occur in
response to a cue that could ultimately predict either reward or
punishment. The only consistent benefit that is predicted by the
cue is the gain in information obtainedwhen the agent determines
the identity of the object. Thus, if there is a valid, learned ‘‘reward
prediction’’ when the unidentified object appears, it is one that
is satisfied after the agent obtains the knowledge about whether
to approach or avoid the stimulus. The value of this information
is based not on the average of the obtainable outcomes, but is
instead based on the knowledge of the effective outcomes – that
the agent can either consume the positive reward or avoid the
negative reward (see Fig. 2).
Finally, it is important to note that the opportunities to
take particular actions (e.g., to orient) may themselves take on
rewarding properties through some generalization or learning
mechanism not included in this simulation. For example, the very
act of orienting and determining ‘‘what’s out there’’ could become
rewarding to an organism based on the association between that
action and the above-demonstrated emergent, always-positive
reward-prediction error when new stimuli appear. A similar idea
has been recently advanced by Redgrave and Gurney (2006) who
hypothesize that an important purpose of the phasic dopamine
response is to reinforce actions that occur before unpredicted
salient events. The results here are not incompatible with that
hypothesis, however it should benoted that Redgrave andGurney’s
hypothesis is not directly tested in this simulation because no
actions (i.e., exploration) were required of the agent in order for
the salient event (the appearance of the object) to occur. However,
the simulatedphasic signal coincidedwith the timeof the orienting
response, suggesting that the two may be strongly related.
In closing, this article has demonstrated that RL principles can
be used to explain a type of seemingly non-reward related activity
of the dopaminergic neurons. This result emerged from the fact
that the temporal-difference learning rule (such as that used by
Kakade and Dayan (2002)) was embedded in a simulation in which
the agent could select actions that had an effect on the eventual
outcome. In the simulation, the agent learned that the outcome of
orienting to an object that suddenly appeared could always either
be rewarding or neutral because the negative outcome could be
avoided. Therefore when the agent had an opportunity to orient,
its reward-prediction error was always positive, computationally
analogous to the novelty and saliency responses observed in
biological organisms.
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7KH VLPXODWLRQ ZRUN GHPRQVWUDWHG WKH WKHRUHWLFDO FRQQHFWLRQ EHWZHHQ QRYHOW\VDOLHQF\ UHVSRQVHV
DQG WKH UHZDUGSUHGLFWLRQ HUURU VLJQDOV WKDW DUH XVHG LQ 5/ DOJRULWKPV 7KH UHVXOWV KDYH LPSRUWDQW
LPSOLFDWLRQV IRU WKH LQYROYHPHQW RI WKH EDVDO JDQJOLD LQ FRJQLWLRQ FRPSXWDWLRQ DQG EHKDYLRU
&RJQLWLYHO\ WKH VLPXODWLRQ UHVXOWV DUH LPSRUWDQW IRU XQGHUVWDQGLQJ WKH LQYROYHPHQW RI WKH EDVDO
JDQJOLD LQ WKH FRJQLWLRQ RI QRYHO DQG VDOLHQW VWLPXOL 6WLPXOL WKDW DUH QRYHO RU VDOLHQW PD\ JHQHU
DWH DFWLYDWLRQ LQ WKH EDVDO JDQJOLD WKURXJK PXOWLSOH PHDQV 2QH PHDQV IRU JHQHUDWLQJ VXFK VLJQDOV
LV LQ WKH QHRFRUWH[ LWVHOI &RPSXWDWLRQDO ZRUN KDV GHPRQVWUDWHG WKDW D QHWZRUN RI OHDUQLQJ H[
FLWDWRU\ DQG LQKLELWRU\ LQWHJUDWHDQGILUH QHXURQV WKDW DUH VLPLODU LQ GLVWULEXWLRQ WR WKH QHRFRUWH[
ZLOO H[KLELW DQ LQFUHDVH LQ DFWLYLW\ ZKHQ QRYHO VWLPXOL DUH SUHVHQWHG +R DQG 5RXDW  7KXV
QHRFRUWLFDO UHJLRQV LQYROYHG LQ SURFHVVLQJ VHQVRU\ GDWD PD\ H[KLELW DFWLYDWLRQ ZKHQ QRYHO VWLPXOL
DUH SUHVHQWHG 7KH RWKHU PHDQV IRU JHQHUDWLQJ VXFK VLJQDOV LV GHPRQVWUDWHG E\ WKH SUHVHQW H[SHUL
PHQW VLPXODWLRQV ,I DQ REMHFW KDV FHUWDLQ TXDOLWLHV WKDW LQGLFDWH WKDW LW PD\ OHDG WR SRVLWLYH DQGRU
DYRLGDEOH QHJDWLYH UHZDUG D VDOLHQF\ UHVSRQVH ZLOO EH JHQHUDWHG
&RPSXWDWLRQDOO\ WKH UHVXOWV KDYH LPSRUWDQW LPSOLFDWLRQV LQ WKH XVH RI 5/ WR LQWHUSUHW WKH SKDVLF
GRSDPLQH UHVSRQVH
$Q DGGLWLRQDO SRVVLEOH SRLQW RI FRQWDFW EHWZHHQ VDOLHQF\ DQG UHZDUGSUHGLFWLRQ HUURU LV LQ WKHLU
UROH LQ WKH FRJQLWLYH DFW RI ³VHOHFWLRQ´ ZKLFK LV D JHQHUDOL]DWLRQ RI WKH SK\VLFDO DFW RI RULHQWLQJ
WRZDUGV DQ H[WHUQDO VWLPXOXV 7KLV SRLQW ZDV LQGLUHFWO\ WRXFKHG XSRQ LQ WKH PDQXVFULSW WKURXJK
WKH DVVXPSWLRQ WKDW WKH DJHQW KDG WR RULHQW WR WKH VWLPXOXV WKDW DSSHDUHG SULRU WR LQWHUDFWLQJ ZLWK
LW LH DSSURDFKLQJ LW RU DYRLGLQJ LW 0RUH JHQHUDOO\ WR GHFLGH ZKDW DFWLRQ WR SHUIRUP DQ RUJDQ
LVP PD\ QHHG WR SHUIRUP DQ µRULHQWLQJ¶ RSHUDWLRQ WR DQ XQH[SHFWHG RU LQWHQVH VXUJH RI QHXURQDO
DFWLYLW\ SDUWLFXODUO\ LI GRLQJ VR LV OLNHO\ WR OHDG WR UHZDUG RU WR DYRLGLQJ SXQLVKPHQW 3DUW RI WKLV
³FRJQLWLYH RULHQWLQJ´ PD\ WDNH WKH IRUP RI DPSOLI\LQJ WKH QHXURQDO DFWLYLW\ VLPLODUO\ WR ZKDW LV
WKRXJKW RI DV DQ DWWHQWLRQ VKLIW 7KH PHFKDQLVP IRU DFKLHYLQJ WKLV ³FRJQLWLYH RULHQWLQJ´ RU DWWHQ
WLRQ VKLIW PD\ LQYROYH GRSDPLQH 'RSDPLQH LV NQRZQ WR DFW WKURXJK ' UHFHSWRUV RQ FRUWLFRVWULDWDO
SURMHFWLRQV WR VXSSUHVV OHVV DFWLYH LQSXWV %DPIRUG HW DO  ZKLOH DOORZLQJ WKH VWURQJHU LH
PRUH VDOLHQW" LQSXWV WR UHPDLQ DFWLYH 7KXV WKH UHOHDVH RI GRSDPLQH DSSHDUV WR EH D PHFKDQLVP

WKDW PHGLDWHV WKH FDSWXUH DQGRU GLUHFWLRQ RI DWWHQWLRQ WR VDOLHQW REMHFWV DQG WKHUHIRUH FRPSULVHV D
IRUP RI ³RULHQWLQJ´
7KHVH WKHRUHWLFDO UHVXOWV VXJJHVW WKDW WKHUH PD\ EH D UHODWLRQVKLS EHWZHHQ VDOLHQF\ DWWHQWLRQ
DQG UHLQIRUFHPHQW ± VSHFLILFDOO\ WKDW WKH DFWLYDWLRQ RI FRUWLFRVWULDWDO FRQQHFWLRQV DQG WKHLU LQWHUDF
WLRQ ZLWK GRSDPLQH FRXOG PHGLDWH DOO WKUHH RI WKHVH SKHQRPHQD 7KXV DQ DFFRXQW IRU D FRPPRQ
FXUUHQF\ RI VDOLHQF\ DWWHQWLRQ DQG UHLQIRUFHPHQW OHDGV WR WKUHH K\SRWKHVHV IRU KRZ FRUWLFRVWUL
DWDO SURMHFWLRQV PLJKW EH UHFUXLWHG )LUVW FRUWLFRVWULDWDO SURMHFWLRQV FRXOG EH WULJJHUHG E\ VWLPXOL
WKDW DUH LQKHUHQWO\ VDOLHQW LH E\ LQWHQVH HJ ORXG EULJKW VWLPXOL 7KHVH VWLPXOL ZRXOG OHDG
WR VLJQLILFDQWO\ VWURQJHU WKDQ DQWLFLSDWHG DFWLYDWLRQ RI FRUWLRVWULDWDO SURMHFWLRQV 6HFRQG QHRFRU
WLFDO SURFHVVLQJ PD\ PDNH WKH VWLPXOL PRUH VDOLHQW HYHQ LI WKRVH VWLPXOL DUH QRW PRUH SK\VLFDOO\
LQWHQVH LH ORFDO FRPSXWDWLRQV LQ QHRFRUWH[ FRXOG LQFUHDVH LWV UHVSRQVH WR SDUWLFXODU VWLPXOL HJ
VKDUS FRQWUDVWV 7KLUG WKH FRUWLFRVWULDWDO V\QDSVHV WKHPVHOYHV PD\ KDYH EHHQ SRWHQWLDWHG E\ SUH
YLRXV UHZDUG LH 5/ DVVRFLDWHG ZLWK WKH VWLPXOXV 6R ZKLOH WKH VWLPXOXV LWVHOI LV QHLWKHU LQWHQVH
QRU FRQILJXUHG WR JHQHUDWH D SDUWLFXODUO\ VWURQJ QHRFRUWLFDO UHVSRQVH LW WULJJHUV D VWURQJ VWULDWDO
UHVSRQVH WKURXJK SRWHQWLDWHG FRUWLFRVWULDWDO SURMHFWLRQV )RXUWK VRPH NLQG RI WRSGRZQ VHW IURP
SUHIURQWDO FRUWH[ FRXOG DFW WKURXJK D FRPELQDWLRQ RI ZHDN FRUWLFRFRUWLFDO FRQQHFWLRQV GLUHFW
H[FLWDWLRQ RI WKH VWULDWXP DQGRU WULJJHULQJ RI SKDVLF GRSDPLQH UHOHDVH WR UHVXOW LQ DQ LQFUHDVHG
VWULDWDO UHVSRQVH WR WKH VWLPXOXV
7KLV WKHRUHWLFDO ZRUN WKHUHIRUH VXJJHVWV WKDW IXUWKHU H[SHULPHQWV VKRXOG EH DLPHG DW LQYHVWL
JDWLQJ SRWHQWLDO LQWHUDFWLRQ EHWZHHQ UHLQIRUFHPHQW DWWHQWLRQ DQG VDOLHQF\
2QH ILQDO SRLQW FDQ EH PDGH DERXW WKH YDOXH RI WKLV NLQG RI VLPXODWLRQ WKURXJK DQ H[DPSOH
GHPRQVWUDWLQJ KRZ WKH GLVVRFLDWLRQ EHWZHHQ UHZDUGSUHGLFWLRQ HUURU DQG VDOLHQF\ VLJQDOV FDQ EH
VWXGLHG $ VLPXODWLRQ VLPLODU WR WKH RQH GHVFULEHG DERYH FDQ EH XVHG WR HOXFLGDWH VFHQDULRV LQ ZKLFK
DJHQWV DUH QHYHU UHZDUGHG \HW VWLOO GHYHORS D VDOLHQF\ UHVSRQVH $OWKRXJK WKLV LV QRW GHPRQVWUDWHG
LQ WKH SUHVHQW DUWLFOH LW LV SRVVLEOH WR FRPSOHWH D VLPXODWLRQ LQ ZKLFK DJHQWV RQO\ HYHU UHFHLYH
QHJDWLYH UHLQIRUFHPHQW LH DUH QHYHU UHZDUGHG ,Q WKLV VLPXODWLRQ REMHFWV DUH HLWKHU QHXWUDO LH
QHYHU SURYLGH UHZDUG RU DUH DYHUVLYH ZLWK D ³EODVW´ UDGLXV RYHU ZKLFK WKH QHJDWLYH UHZDUG LV
GLVWULEXWHG DIWHU D WLPH GHOD\ ,Q WKLV VLPXODWLRQ WKH DJHQW ZLOO FRQWLQXH WR GLVSOD\ WKH UHVXOWV
GRFXPHQWHG DERYH WKH DJHQW ZLOO UDSLGO\ RULHQW WRZDUGV WKH XQLGHQWLILHG REMHFW DQG WKHQ H[KLELW

IHDUOLNH GLVWDQFLQJ EHKDYLRU IURP WKH REMHFW LQ WKH FDVH WKDW LW LV DYHUVLYH &ULWLFDOO\ DW WKH WLPH RI
WKH DSSHDUDQFH RI WKH XQLGHQWLILHG REMHFW WKH HUURU LQ UHZDUGSUHGLFWLRQ ZLOO VWLOO EH SRVLWLYH

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7KLV GLVVHUWDWLRQ SUHVHQWHG H[SHULPHQWDO FRPSXWDWLRQDO DQG WKHRUHWLFDO ZRUN IRFXVHG RQ LQYHVWL
JDWLQJ WKH UHODWLRQVKLS EHWZHHQ WKH EDVDO JDQJOLD DQG FRPSXWDWLRQV UHTXLUHG E\ D IRUPDO WKHRU\ RI
OHDUQLQJ FDOOHG 5/ 7KH H[SHULPHQWDO ZRUN LQYROYHG EHKDYLRUDO DQG QHXURLPDJLQJ VWXGLHV LQYROY
LQJ UHLQIRUFLQJ KXPDQ SDUWLFLSDQWV IRU SHUIRUPLQJ KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW
DWWHQWLRQ VKLIWV 7KH FRPSXWDWLRQDO ZRUN LQYROYHG LPSOHPHQWLQJ QXPHULFDO VLPXODWLRQV RI 5/
DJHQWV WR PDNH SUHGLFWLRQV DERXW WKH EUDLQ DFWLYLW\ RI WKH KXPDQ SDUWLFLSDQWV DV WKH\ SHUIRUPHG
WKH H[SHULPHQWDO WDVNV )LQDOO\ WKH WKHRUHWLFDO ZRUN LQYROYHG SHUIRUPLQJ TXDOLWDWLYH FRPSXWD
WLRQDO H[SHULPHQWV DLPHG DW LQWHUSUHWLQJ WKH PHDQLQJ RI WKH SKDVLF GRSDPLQH VLJQDO LQ FDVHV WKDW
DSSHDUHG XQUHODWHG WR UHZDUG 7RJHWKHU WKHVH UHVXOWV SRLQW WR D IUDPHZRUN IRU XQGHUVWDQGLQJ EDVDO
JDQJOLD IXQFWLRQ LQ ZKLFK GLVWULEXWHG FRQWURO RI DFWLRQ FDQ EH UHLQIRUFHG DQG VKDSHG E\ IDFWRUV UHO
HYDQW WR WKH RUJDQLVP DV D ZKROH 0XFK OLNH DQ RUJDQL]DWLRQ WKDW JLYHV ERQXVHV WR LWV HPSOR\HHV
IRU JRRG SHUIRUPDQFH RU D FRQGXFWRU WKDW SURYLGHV IHHGEDFN WR D ODUJH RUFKHVWUD WKH EUDLQ PD\
UHOHDVH GRSDPLQH WR HQFRXUDJH DOO SDUWLFLSDWLQJ EUDLQ UHJLRQV WR SHUIRUP VLPLODUO\ LQ IXWXUH VLPLODU
FLUFXPVWDQFHV
7KH GLVFXVVHG EHKDYLRUDO UHVXOWV VKRZHG WKDW VLPSOH DFWLRQV VXFK DV KDQG PRYHPHQWV DQG H\H
PRYHPHQWV FDQ EH UHZDUGHG DQG OHDUQHG WR WKH VDPH DV\PSWRWLF SHUIRUPDQFH OHYHOV DQG DW WKH VDPH
OHDUQLQJ UDWHV 7KLV VXJJHVWV D FRPPRQPHFKDQLVP RI UHLQIRUFHPHQW ZKLFK LV FRQVLVWHQW ZLWK LGHDV
DERXW GRSDPLQH DQG WKH SRVVLEOH LQYROYHPHQW RI WKH QXFOHXV DFFXPEHQV LQ UHZDUG SURFHVVLQJ ,Q
WKH VHFRQG SDUW WKH EHKDYLRUDO VWXGLHV DUH DGDSWHG LQWR D IXQFWLRQDO 05, VWXG\ WR WHVW WKH K\SRWKHVLV
WKDW WKH EDVDO JDQJOLD LV LQYROYHG LQ UHZDUGSUHGLFWLRQ HUURU FRPSXWDWLRQV IRU WKHVH GLIIHUHQW W\SHV
RI DFWLRQ 5HVXOWV VKRZ WKDW LQ VSLWH RI QR EHKDYLRUDO GLIIHUHQFHV LQ OHDUQLQJ VLJQDOV FRUUHODWLQJ
ZLWK UHZDUGSUHGLFWLRQ HUURU DUH ORFDWHG LQ GLIIHUHQW UHJLRQV RI WKH VWULDWXP GHSHQGLQJ RQ WKH W\SH

RI DFWLRQ EHLQJ UHLQIRUFHG 7KHVH ILQGLQJV VXJJHVW WKDW WKHVH GLIIHUHQW DQDWRPLFDO UHJLRQV VKDULQJ
VLPLODU FRQQHFWLYLW\ DV SDUWV RI ORRSV ZLWK GLIIHUHQW FRUWLFDO UHJLRQV DUH LPSOHPHQWLQJ WKH VDPH
DOJRULWKP
0RVW LQWHUHVWLQJO\ WKH UHVXOWV VKRZ WKDW WKH 5/ FRPSXWDWLRQV WKDW DSSO\ WR SK\VLFDO DFWLRQV
DOVR DSSO\ WR FRJQLWLYH DFWLRQV OLNH FRYHUW VKLIWV RI YLVXDO DWWHQWLRQ
7KHVH ILQGLQJV VXSSRUW HDUOLHU FRPSXWDWLRQDO VWXGLHV LQ ZKLFK LW LV DVVXPHG WKDW DUELWUDU\ DF
WLRQV VXFK DV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV FDQ EH UHLQIRUFHG 7KRVH VLPXODWLRQV
GHPRQVWUDWH WKDW LQWHOOLJHQW SDWWHUQV RI H\HPRYHPHQW EHKDYLRU VXFK DV WKRVH VHHQ GXULQJ UHDG
LQJ FDQ HPHUJH LQ VXFK FDVHV 7KLV SRZHUIXO DSSURDFK LV DSSOLHG WR KHOS GLVWLQJXLVK EHWZHHQ WZR
VRSKLVWLFDWHG FRPSHWLQJ FODVVHV RI H\HPRYHPHQW FRQWURO GXULQJ UHDGLQJ ,Q WKH IRXUWK SDUW DQ
RWKHU FRPSXWDWLRQDO VWXG\ GHPRQVWUDWHV KRZ 5HLQIRUFHPHQW /HDUQLQJ FRXOG EH XVHG WR XQGHUVWDQG
QRQUHZDUGUHODWHG UHVSRQVHV LQ WKH EDVDO JDQJOLD VXFK DV QRYHOW\ DQG VDOLHQF\ UHVSRQVHV
7KH LPSOLFDWLRQV RI WKHVH ILQGLQJV ZHUH GLVFXVVHG ZLWK UHVSHFW WR WKH LGHD WKDW 5HLQIRUFHPHQW
/HDUQLQJ LV D JRRG IUDPHZRUN IRU XQGHUVWDQGLQJ WKH IXQFWLRQ RI WKH EDVDO JDQJOLD 7KH WKHVLV FRQ
FOXGHV WKDW WKH GLIIHUHQW SDUWV RI WKH VWULDWXP DUH LPSOHPHQWLQJ WKH VDPH FRPSXWDWLRQ IRU GLIIHUHQW
W\SHV RI DFWLRQ ZKLFK DUH UHSUHVHQWHG LQ GLIIHUHQW DUHDV RI FRUWH[ 7DNHQ WRJHWKHU WKHVH ILQGLQJV
VXSSRUW WKH MRLQW QHXURDQDWRPLFDOFRPSXWDWLRQDO K\SRWKHVLV WKH FRUWLFREDVDO JDQJOLD ORRSV LPSOH
PHQW D FRPSXWDWLRQZKLFK FRQWULEXWHV WR 5HLQIRUFHPHQW /HDUQLQJ 7KLV FRQWULEXWHV WR QHXURVFLHQFH
WKHRU\ VXJJHVWLQJ WKDW DQ\ QHXURQDO SDWWHUQ UHSUHVHQWLQJ HLWKHU SK\VLFDO RU FRJQLWLYH VWDWHV RU DF
WLRQV LQ FHUHEUDO FRUWH[ FDQ EH SRVLWLYHO\ RU QHJDWLYHO\ UHLQIRUFHG DFFRUGLQJ WR WKLV GLVWULEXWHG
PHFKDQLVP 7RJHWKHU WKH UHVXOWV RI WKLV GLVVHUWDWLRQ VXJJHVW WKDW 5/ VKRXOG EH FRQVLGHUHG LQ WKH
GHYHORSPHQW RI IXWXUH PRGHOV RI EDVDO JDQJOLD IXQFWLRQ
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7KH VXFFHVVIXO FRPSOHWLRQ RI WKLV GLVVHUWDWLRQ SURMHFW UHTXLUHG LQQRYDWLRQ DQG FUHDWLYLW\ LQ VHYHUDO
UHVSHFWV QDPHO\ LQ PHWKRGV GHYHORSPHQW H[SHULPHQW GHVLJQ DQG GDWD DQDO\VLV DSSURDFKHV 2QH
LQQRYDWLRQ WKDW ZDV FULWLFDO WR WKH VXFFHVV RI WKH I05, H[SHULPHQW ZDV WKH GHYHORSPHQW DQG XVH RI

UHDOWLPH VRXQG FDQFHOODWLRQ WHFKQRORJ\ WR PRQLWRU WKH SDUWLFLSDQWV¶ RUDO UHVSRQVHV VHH $SSHQGL[
% 6RXQGFDQFHOODWLRQ LV QHFHVVDU\ LQ H[SHULPHQWV UHTXLULQJ RUDO UHSRUWV EHFDXVH 05, VFDQQHUV
HPLW ORXG UHSHWLWLYH QRLVH WKDW UHVXOWV IURP WKH PRYHPHQW RI JUDGLHQW PDJQHWV WKDW LV QHFHVVDU\ WR
VFDQ SDUWLFXODU SDUWV RI WKH EUDLQ +XHWWHO HW DO  7KLV SUREOHP KDG WR EH RYHUFRPH EHFDXVH
WKH H[SHULPHQW GHVLJQ UHTXLUHG WKH H[SHULPHQWHU WR EH DEOH WR KHDU WKH SDUWLFLSDQWV EHFDXVH DV
GHVFULEHG LQ WKH H[SHULPHQW PHWKRGV RQ HDFK WULDO WKH SDUWLFLSDQW UHSRUWHG WKH SUREH OHWWHU WKH\
REVHUYHG DQG WKLV OHWWHU ZDV HQWHUHG E\ WKH H[SHULPHQWHU LQWR D FRPSXWHU VR WKDW WKH H[SHULPHQW
VRIWZDUH FRXOG SURYLGH WKH DSSURSULDWH UHLQIRUFHPHQW IHHGEDFN WR WKH SDUWLFLSDQW
$QRWKHU LQQRYDWLRQ ZDV WKH XVH RI UHDOWLPH H\HWUDFNLQJ WHFKQRORJ\ IRU IHHGEDFN GXULQJ ERWK
EHKDYLRUDO DQG I05, VFDQQLQJ 5HDOWLPH IHHGEDFN IURP H\HWUDFNLQJ ZDV LPSRUWDQW EHFDXVH SDU
WLFLSDQWV ZHUH UHTXLUHG WR NHHS WKHLU IL[DWLRQ DW WKH FHQWHU RI WKH VFUHHQ GXULQJ KDQG PRYHPHQW DQG
FRYHUW DWWHQWLRQ VKLIW SRUWLRQV RI WKH H[SHULPHQW WR PD[LPDOO\ FRQWURO ZKLFK DFWLRQV ZHUH EHLQJ
UHLQIRUFHG ,Q WKRVH FRQGLWLRQV LW ZDV RI SDUWLFXODU LQWHUHVW WR UHLQIRUFH KDQG PRYHPHQWV DQG FRYHUW
DWWHQWLRQ VKLIWV ZLWKRXW UHLQIRUFLQJ H\H PRYHPHQWV 7KH H\HWUDFNHU LQ WKH I05, VFDQQHU ZDV FRQ
QHFWHG GLUHFWO\ WR WKH H[SHULPHQW GLVSOD\ FRPSXWHU WKURXJK D VHULDO OLQN VR WKDW LW FRXOG SURYLGH
UHDOWLPH IHHGEDFN WR WKH SDUWLFLSDQWV ZDUQLQJ WKHP DQG DERUWLQJ WKH WULDO ZKHQ WKH\ PRYHG WKHLU
H\HV IURP WKH FHQWHU 7KLV WDVN ZDV WKH ILUVW WDVN DW WKH %,5& VFDQQLQJ FHQWHU WR XVH LQIRUPDWLRQ
DERXW JD]H LQ UHDO WLPH
:LWK UHVSHFW WR GHVLJQ WKLV H[SHULPHQW LV LQQRYDWLYH EHFDXVH LW LV WKH ILUVW LQVWDQFH RI D SDUDGLJP
LQ ZKLFK D VLQJOH WDVN ZDV XVHG WR VWXG\ UHZDUGEDVHG OHDUQLQJ RI WKUHH GLIIHUHQW NLQGV RI DFWLRQV
2ULJLQDOO\ WKH H[SHULPHQW UHOLHG RQ SDUWLFLSDQWV XVLQJ WKHLU KDQGV WR LQGLFDWH WKH SUREH OHWWHU KRZHYHU EHKDYLRUDO
SLORW ZRUN VKRZHG WKDW WKLV FDXVHG LQWHUIHUHQFH LQ OHDUQLQJ KDQG PRYHPHQWV KDQG PRYHPHQWV ZHUH OHDUQHG VORZHU
FRPSDUHG WR WKH RWKHU DFWLRQV DQG EHKDYLRU ZDV ILW OHVV ZHOO E\ 5/ DJHQWV 7R RYHUFRPH WKH SUREOHP RI LQWHUIHUHQFH
IURP WKH GXDO XVH RI KDQG PRYHPHQWV DQ DGGLWLRQDO IRXUWK DFWLRQ ± DQ RUDO UHVSRQVH ± ZDV XVHG LQ DOO WKUHH FRQGLWLRQV
LH DORQJ ZLWK KDQG PRYHPHQWV H\H PRYHPHQWV DQG FRYHUW DWWHQWLRQ VKLIWV 7KH XVH RI DQ DGGLWLRQDO DFWLRQ SULRU WR
REWDLQLQJ UHZDUG ZDV D SRWHQWLDO ULVN EHFDXVH WKH UHZDUG FRXOG KDYH EHFRPH DVVRFLDWHG ZLWK WKH RUDO UHVSRQVH UDWKHU
WKDQ ZLWK WKH SDUWLFXODU DFWLRQ +RZHYHU 5/ DOJRULWKPV WKDW LQYROYH OHDUQLQJ UHZDUGSUHGLFWLRQV VXFK DV WHPSRUDO
GLIIHUHQFH OHDUQLQJ UHZDUGSUHGLFWLRQ SRVLW WKDW OHDUQHG UHZDUG SUHGLFWLRQV WUDQVIHU HDUOLHU LQ WLPH WR WKH PRVW UHOLDEO\
SUHGLFWLYH VWDWH RU FXH 6FKXOW]  6XWWRQ DQG %DUWR  7KXV WKH H[SHULPHQW GHVLJQ DVVXPHV WKDW UHLQIRUFHPHQW
ZLOO EHFRPH DVVRFLDWHG QRW ZLWK WKH RUDO UHVSRQVH EXW UDWKHU ZLWK WKH VWLPXOXV DQG PRYHPHQW UHSUHVHQWDWLRQV )XUWKHU
WKH SDUWLFXODU RUDO UHVSRQVHV ZHUH UDQGRPL]HG RQ HDFK WULDO 7KDW LV JLYHQ D SDUWLFXODU FXH HJ UHG ER[HV DQG DFWLRQ
HJ XSZDUG KDQG PRYHPHQW WKH FRUUHFW RUDO UHVSRQVH ZDV UDQGRP HJ LW FRXOG KDYH EHHQ $ , 2 RU 8 ,W ZDV
DVVXPHG WKHUHIRUH WKDW YRLFH UHVSRQVHV ZRXOG QRW FDXVH DQ\ LQWHUIHUHQFH LQ WKH K\SRWKHVHV WKDW ZHUH EHLQJ WHVWHG
,QGHHG WKH IDFW WKDW WKH UHVXOWV VKRZ WKDW UHZDUGSUHGLFWLRQ HUURUV ZHUH DVVRFLDWHG ZLWK DFWLRQVSHFLILF UHJLRQV RI WKH
VWULDWXP UDWKHU WKDQ DOO LQ WKH VDPH UHJLRQ UHFRQILUPV WKH DVVXPSWLRQ WKDW UHZDUG SUHGLFWLRQ WUDQVIHUV WR WKH HDUOLHVW
SUHGLFWLYH VWLPXOXV

LQFOXGLQJ ERWK PRWRULF DQG QRQPRWRULF DFWLRQV )XUWKHUPRUH WKLV WDVN FRPELQHG FRPSXWDWLRQDO
EHKDYLRUDO DQG QHXURLPDJLQJ DSSURDFKHV WR JHQHUDWH DQG WHVW TXDQWLWDWLYH SUHGLFWLRQV DERXW ERWK
EHKDYLRU DQG DERXW QHXURQDO UHZDUGUHODWHG DFWLYLW\ DVVRFLDWHG ZLWK PRWRULF DQG QRQPRWRULF DF
WLRQV 7KLV ZDV SRVVLEOH E\ LPSOHPHQWLQJ 5/PRGHOV DQG WUDLQLQJ WKHP WR SHUIRUP WKH VDPH DFWLRQV
DV WKRVH SHUIRUPHG E\ WKH KXPDQ SDUWLFLSDQWV IURP RQH WULDO WR WKH QH[W 7KXV WKH PDQQHU LQ ZKLFK
WKH GDWD ZHUH DQDO\]HG ZHUH LQQRYDWLYH DV ZHOO EHFDXVH D VLQJOH IRUP RI FRPSXWDWLRQDO PRGHO ZDV
XVHG WR PDNH EUDLQ DQG EHKDYLRUDO SUHGLFWLRQV DERXW ERWK SK\VLFDO DQG FRJQLWLYH DFWLRQ
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7KH JHQHUDO H[SHULPHQWDO GHVLJQ XVHG LQ WKLV GLVVHUWDWLRQ OD\V VRPH JURXQGZRUN IRU D QXPEHU RI
IXWXUH H[SHULPHQWV WKDW FRXOG EH XQGHUWDNHQ XVLQJ VLPLODU PHWKRGV
8VLQJ 5HZDUG WR ³7DJ´ DQG 2EVHUYH &RJQLWLYH $FWLRQV 7KH SDUDGLJP WKDW ZDV XVHG LQ
WKLV GLVVHUWDWLRQ HVWDEOLVKHV D PHWKRG IRU H[DPLQLQJ WKH UHLQIRUFHPHQW RI IXUWKHU FRJQLWLYH DFWLRQV
)XWXUH YDULDQWV RI WKLV WDVN FRXOG VHUYH WR PDS FRJQLWLYH IXQFWLRQDO ]RQHV ZLWKLQ WKH VWULDWXP E\
UHZDUGLQJ SDUWLFLSDQWV IRU SHUIRUPLQJ FRJQLWLYH DFWLRQV SUHVXPHG WR LQYROYH RWKHU QHRFRUWLFDO UH
JLRQV VXFK DV PHQWDO URWDWLRQ PDQLSXODWLRQV RI VHQWHQFH VWUXFWXUHV VKLIWV LQ ZRUNLQJ PHPRU\ HWF
$VVRFLDWLQJ VSHFLILF UHZDUG SUHGLFWLRQV ZLWK SDUWLFXODU FRJQLWLYH RSHUDWLRQV FRXOG VHUYH DV D QRYHO
PHWKRG IRU GHWHFWLQJ ZKHQ WKRVH FRJQLWLYH RSHUDWLRQV RFFXUUHG 7KLV PHWKRG ZRXOG EH SDUWLFXODUO\
UHOHYDQW IRU VLWXDWLRQV LQ ZKLFK WKH QHRFRUWLFDO UHSUHVHQWDWLRQV RI WKRVH DFWLRQV DUH RYHUODSSLQJ RU
KLJKO\ GLIIXVH WKURXJKRXW WKH EUDLQ $Q H[DPSOH RI WKH IRUPHU FDVH FDQ EH VHHQ LQ WKH SUHVHQW GDWD
FRYHUW DWWHQWLRQ VKLIWV DQG VDFFDGLF H\H PRYHPHQWV VKDUH RYHUODSSLQJ UHSUHVHQWDWLRQV LQ WKH IURQWDO
H\H ILHOGV )() WKDW KDYH \HW WR EH UHVROYHG XVLQJ I05, DQG DUH FHUWDLQO\ FKDOOHQJLQJ WR UHVROYH
XVLQJ HOHFWURSK\VLRORJ\ HJ 0XUWK\ HW DO  7KRPSVRQ HW DO 
,Q WKH SUHVHQW UHVXOWV WKH GLIIHUHQWLDO ORFDOL]DWLRQ LQ WKH DQWHULRU VWULDWXP RI DFWLYDWLRQV IRU
FRYHUW DWWHQWLRQ VKLIWV DQG VDFFDGLF H\H PRYHPHQWV VXJJHVW WKDW DFWLRQV ZLWK RYHUODSSLQJ QHRFRUWL
FDO UHSUHVHQWDWLRQV FDQ EH GLVVRFLDWHG E\ H[DPLQLQJ VWULDWDO DFWLYDWLRQ +RZHYHU H\H PRYHPHQWV
DQG FRYHUW DWWHQWLRQ VKLIWV DUH RFXORPRWRU DQG FRJQLWLYH ³DFWLRQV´ UHVSHFWLYHO\ $Q LQWHUHVWLQJ

TXHVWLRQ WKDW VKRXOG EH LQYHVWLJDWHG LV ZKHWKHU GLIIHUHQFHV LQ WKH ORFDWLRQ RI VWULDWDO DFWLYLW\ FDQ EH
XVHG WR GLVFULPLQDWH EHWZHHQ WZR FRJQLWLYH ³DFWLRQV´ )RU H[DPSOH SDUWLFLSDQWV FRXOG EH WUDLQHG WR
SHUIRUP D QXPEHU RI OLQJXLVWLF RSHUDWLRQV VXFK DV FKHFNLQJ VXEMHFWYHUE DJUHHPHQW RU UHFDOOLQJ
DQ DQWHFHGHQW (DFK RI WKHVH RSHUDWLRQV FRXOG EH DVVRFLDWHG ZLWK IRU H[DPSOH ORZ PHGLXP RU
KLJK UHZDUGV 7KHQ SDUWLFLSDQWV FRXOG EH DOORZHG WR UHDG D SDVVDJH DQG SUHGLFWLRQV IURP D PRGHO
RI UHDOWLPH ODQJXDJH SURFHVVLQJ FRXOG EH WHVWHG LQ DQ HYHQWUHODWHG IDVKLRQ 7KDW LV ZKHQ WKH
PRGHO SUHGLFWV D KLJK UHZDUG RSHUDWLRQ DFWLYLW\ LQ WKH VWULDWXP FRXOG EH GHFRQYROYHG DW WKDW WLPH
WR GHWHUPLQH ZKHWKHU D UHZDUGSUHGLFWLRQ HUURU DVVRFLDWHG ZLWK WKH FRJQLWLYH OLQJXLVWLF RSHUDWLRQ
RFFXUUHG
5HLQIRUFLQJ ³/LPELF´ $FWLRQV LQ WKH 9HQWUDO 6WULDWXP 7KH FXUUHQW UHVHDUFK IRFXVHG RQ
OHDUQLQJ RI D OLPLWHG UDQJH RI DFWLRQV WKDW DUH UHSUHVHQWHG LQ WKH FRQQHFWLRQV EHWZHHQ QHRFRUWH[
DQG WKH EDVDO JDQJOLD 7KLV OLPLWHG WKH FXUUHQW LQYHVWLJDWLRQ WR PDNLQJ SUHGLFWLRQV DERXW DFWLY
LW\ LQ GRUVDO VWULDWXP ,W LV NQRZQ KRZHYHU WKDW WKHUH DUH FRQQHFWLRQV WR WKH EDVDO JDQJOLD IURP
DUFKLFRUWLFDO V\VWHPV LH KLSSRFDPSXV DV ZHOO DV WKH FHUHEHOOXP 7KXV DQ LPSRUWDQW IXWXUH GLUHF
WLRQ RI WKLV UHVHDUFK PHWKRG ZRXOG EH WR WHVW WKH DSSURDFK E\ GULYLQJ DFWLYLW\ LQ WKHVH RWKHU V\VWHPV
9HQWUDO VWULDWXP LV SUHGRPLQDQWO\ LQQHUYDWHG E\ OLPELF FRUWLFDO LQSXWV $Q LPSRUWDQW TXHVWLRQ WR
HYDOXDWH LV ZKHWKHU 5/OLNH OHDUQLQJ DSSOLHV WR ³OLPELF DFWLRQV´ VXFK DV WKH H[SUHVVLRQ RI SDUWLFXODU
HPRWLRQV LH DP\JGDOD WKH UHFRJQLWLRQ RI EHLQJ LQ D SDUWLFXODU ORFDWLRQ HJ KLSSRFDPSXV RU
PRUH DEVWUDFWO\ WKH UHFRJQLWLRQ RI WKH YDOXH RI DQ REMHFW ([LVWLQJ HOHFWURSK\VLRORJLFDO ZRUN VXJ
JHVWV WKDW WKH KLSSRFDPSXV KDV VWURQJ IXQFWLRQDO SURMHFWLRQV WR WKH VWULDWXP HJ /DQVLQN HW DO
 3HQQDUW] HW DO  )XUWKHU LW DSSHDUV WKDW WKHVH HSLVRGLF DQG UHZDUG OHDUQLQJ V\VWHPV
LQWHUDFW -RKQVRQ DQG 5HGLVK  ,Q WKDW VLPXODWLRQ D UDW¶V EHKDYLRU LQ D UHZDUGHG 7PD]H WDVN
LPSURYHG DIWHU D UHVW SHULRG DV WKRXJK 5/ KDG FRQWLQXHG LQ WKH DEVHQFH RI SK\VLFDO H[SORUDWLRQ RI
WKH HQYLURQPHQW 7KHVH UHVXOWV VXJJHVW WKDW KLSSRFDPSDO UHSOD\ RI HSLVRGHV LH WUDMHFWRULHV WR
WKH EDVDO JDQJOLD PD\ KDYH PLPLFNHG D IRUP RI ³WUDMHFWRU\ VDPSOLQJ´ LQ PHQWDO VSDFH ZLWKRXW WKH
UDW QHHGLQJ WR SK\VLFDOO\ H[SORUH WKRVH WUDMHFWRULHV LQ WKH HQYLURQPHQW ,Q ZRXOG EH SDUWLFXODUO\
LQWHUHVWLQJ WR WUDLQ KXPDQ SDUWLFLSDQWV RQ WUDMHFWRULHV OHDGLQJ WR GLIIHUHQW DPRXQWV RI UHZDUG DQG
PRQLWRU WKHLU EUDLQ DFWLYDWLRQ GXULQJ D FRQVROLGDWLRQ SHULRG DQG DWWHPSW WR FRUUHODWHG %2/' LQ
KLSSRFDPSXV DQG YHQWUDO VWULDWXP ZLWK ODWHU LPSURYHPHQWV LQ EHKDYLRUDO SHUIRUPDQFH

(UURU &RUUHFWLRQ RI 5HZDUG 3UHGLFWLRQV $V GLVFXVVHG LQ WKH VHFWLRQ  SDJH  DQRWKHU
LQWHUHVWLQJ IXWXUH GLUHFWLRQ ZRXOG EH WR WHVW WKH K\SRWKHVLV WKDW HUURUFRUUHFWLQJ FDSDELOLWLHV RI WKH
FHUHEHOOXP FDQ EH DSSOLHG WR UHZDUGSUHGLFWLRQ HUURU OHDUQLQJ 7KLV LV D SDUWLFXODUO\ LQWHUHVWLQJ
TXHVWLRQ EHFDXVH D GLUHFW FRQQHFWLRQ EHWZHHQ WKH FHUHEHOOXP DQG WKH EDVDO JDQJOLD KDV EHHQ UH
FHQWO\ GLVFRYHUHG +RVKL HW DO  2QH SUHGLFWLRQ WR WHVW ZRXOG EH WKDW WKH FHUHEHOOXP DQG
WKH FHUHEHOODU LQSXW WR WKH EDVDO JDQJOLD ZRXOG EH DFWLYH ZKHQ VRPH FKDQJH LQ SHUFHSWLRQ RU FRQ
WH[W UHTXLUHG UHZDUG DGDSWDWLRQ RU DGMXVWPHQW LQ D UDQJH RI UHZDUG SUHGLFWLRQV 2WKHU SUHGLFWLRQV
WR PD[LPL]H WKH LQYROYHPHQW RI WKH FHUHEHOOXP LQ UHZDUGUHDOWHG OHDUQLQJ FRXOG EH JHQHUDWHG E\
WUDLQLQJ %DLUG¶V  DOJRULWKP RQ WDVNV DQG QRWLQJ ZKLFK WDVNV UHTXLUH ODUJHU FRQWULEXWLRQV IURP
WKH HUURUFRUUHFWLQJ JUDGLHQWV DQG WKHQ FUHDWLQJ H[SHULPHQWDO YHUVLRQV RI WKRVH WDVNV IRU KXPDQ
SDUWLFLSDQWV
,PSURYHPHQWV LQ WKH &XUUHQW ([SHULPHQW 'HVLJQ ,Q IXWXUH VWXGLHV D QXPEHU RI LPSURYH
PHQWV FRXOG EH PDGH WR WKH FXUUHQW H[SHULPHQW GHVLJQ $Q H[WUD FRQGLWLRQ LQ ZKLFK WKH PDSSLQJ
EHWZHHQ FRORU DQG DFWLRQ ZDV UDQGRPL]HG RQ HYHU\ WULDO ZRXOG KHOS WR FRQWURO DJDLQVW DQ\ NLQG RI
DVVRFLDWLYH OHDUQLQJ WKDW PD\ KDYH WDNHQ SODFH LH EHWZHHQ VWLPXOXV DQG FRJQLWLYH µGLUHFWLRQ¶ RI
DFWLRQ 7KLV FRQWURO ZRXOG KDYH EHHQ H[DFWO\ OLNH WKH FXUUHQW FRQWURO FRQGLWLRQ &21752/ H[
FHSW WKDW WKH PDSSLQJ EHWZHHQ FRORU FXH DQG FRUUHFW GLUHFWLRQ ZRXOG KDYH EHHQ UDQGRPL]HG RQ WULDO
WR WULDO LH ZRXOG QRW KDYH EHHQ FRQVLVWHQW $QRWKHU SRWHQWLDO LPSURYHPHQW PLJKW EH WR UDQGRP
L]H WKH RQVHW RI WKH VWLPXOL DQG WKH SUREH OHWWHUV WR SUHYHQW SDUWLFLSDQWV IURP GRLQJ PXOWLSOH DQGRU
DQWLFLSDWRU\ H\H PRYHPHQW DQGRU DWWHQWLRQ VKLIWV :H IRXQG WKDW SDUWLFLSDQWV PDGH DQWLFLSDWRU\
PRYHV WR VRPH RI WKH WDUJHWV DQG WKLV PD\ KDYH UHVXOWHG LQ D WHPSRUDO VPHDULQJ DQG FRQVHTXHQWO\
D UHGXFWLRQ LQ SRZHU RI WKH VLJQDOV RI LQWHUHVW )LQDOO\ LQWURGXFWLRQ RI MLWWHU EHWZHHQ WKH VWLPXOXV
RQVHW DQG UHZDUG IHHGEDFN RQVHW ZRXOG KHOS WR VHSDUDWHO\ GHFRQYROYH WKH UHZDUG SUHGLFWLRQ DW WKH
EHJLQQLQJ RI WKH WULDO IURP WKH UHZDUGSUHGLFWLRQ HUURU DW WKH HQG RI D WULDO

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7KH ZRUN SUHVHQWHG LQ WKLV GLVVHUWDWLRQ ZDV DLPHG DW LQYHVWLJDWLQJ ZKHWKHU FRPSXWDWLRQV SHU
IRUPHG LQ WKH EDVDO JDQJOLD ZHUH FRQVLVWHQW ZLWK SUHGLFWLRQV PDGH E\ 5/ WKHRU\ ([SHULPHQWDO
ZRUN ZDV FDUULHG RXW WR WHVW VSHFLILF K\SRWKHVHV UHJDUGLQJ WKH FRPSXWDWLRQ RI UHZDUGSUHGLFWLRQ
HUURU LQ GLVWLQFW UHJLRQV RI WKH VWULDWXP 7KH GLVVHUWDWLRQ ZDV PRWLYDWHG E\ SULRU DQDWRPLFDO HOHF
WURSK\VLRORJLFDO DQG FRPSXWDWLRQDO QHXURVFLHQFH ILQGLQJV 3ULRU DQDWRPLFDO VWXGLHV KLJKOLJKWHG
TXHVWLRQV UHJDUGLQJ WKH SDWWHUQ RI EDVDO FRQQHFWLYLW\ ZLWK QRW MXVW WKH PRWRU FRQWURO UHJLRQV RI WKH
SUHIURQWDO FRUWH[ EXW ZLWK PDQ\ RWKHU UHJLRQV LQFOXGLQJ QRQPRWRU LH FRJQLWLYH UHJLRQV RI QHR
FRUWH[ 3ULRU HOHFWURSK\VLRORJ\ VWXGLHV VKRZHG WKDW GRSDPLQH QHXURQV ZKLFK SURMHFW H[WHQVLYHO\
WKURXJK WKH EDVDO JDQJOLD DQG QHRFRUWH[ H[KLELW VLJQDOV WKDW DUH FRQVLVWHQW ZLWK UHZDUGSUHGLFWLRQ
HUURU 3ULRU FRPSXWDWLRQDO VLPXODWLRQV VKRZHG WKDW VLPSOH 5/ SULQFLSOHV FRXOG JLYH ULVH WR FRP
SOH[ DGDSWLYH EHKDYLRUV DQG FRXOG DOVR H[SODLQ WKH HPHUJHQFH RI QRQUHZDUG UHODWHG VLJQDOV LQ
SKDVLF GRSDPLQH VLJQDOV $OO RI WKHVH ILQGLQJV VXJJHVWHG WKDW WKH EDVDO JDQJOLD PLJKW LPSOHPHQW
FRPSXWDWLRQV VXSSRUWLQJ WKH 5/ RI SK\VLFDO DQG FRJQLWLYH DFWLRQV +RZHYHU QR H[SHULPHQW KDG
\HW EHHQ SHUIRUPHG LQ ZKLFK KXPDQ SDUWLFLSDQWV ZHUH UHLQIRUFHG IRU SHUIRUPLQJ GLIIHUHQW DFWLRQV
7KXV WKHUH ZDV OLWWOH HYLGHQFH WR VXSSRUW WKH LGHD WKDW WKH EDVDO JDQJOLD PLJKW SHUIRUP D SDUWLFXODU
FRPSXWDWLRQ UHJDUGOHVV RI WKH LQIRUPDWLRQ WKDW ZDV IHG LQWR WKDW V\VWHP
7KXV WKLV GLVVHUWDWLRQ UDLVHG WKH TXHVWLRQ $UH WKH EDVDO JDQJOLD LQYROYHG LQ WKH 5/ RI ERWK
SK\VLFDO DQG FRJQLWLYH DFWLRQV" 7KH UHVXOWV RI WKLV ZRUN VXJJHVW WKH FRQFOXVLRQ WKDW \HV WKH EDVDO
JDQJOLD DUH D V\VWHP ZKLFK LV FDSDEOH RI SHUIRUPLQJ D SDUWLFXODU VHW RI RSHUDWLRQV RQ DFWLRQ UHS
UHVHQWDWLRQV LQ QHRFRUWH[ ZKHWKHU WKRVH UHSUHVHQWDWLRQV DUH IRU SK\VLFDO RU FRJQLWLYH DFWLRQV 7KH
I05, UHVXOWV VXJJHVW WKDW WKH EDVDO JDQJOLD DUH DEOH WR FRPSXWH DQG VWRUH OLNHO\ DW WKH V\QDSVHV
EHWZHHQ FRUWLFRVWULDWDO D[RQV DQG PHGLXP VSLQ\ QHXURQ GHQGULWHV UHZDUG SUHGLFWLRQV DVVRFLDWHG
ZLWK QHRFRUWLFDO DFWLRQ UHSUHVHQWDWLRQV )XUWKHUPRUH WKH EHKDYLRUDO UHVXOWV VXJJHVW WKDW WKH %2/'
I05, UHVSRQVH LQ WKH VWULDWXP GRHV QRW VLPSO\ UHIOHFW WKH DFWLRQ RI GRSDPLQH WKHUH EXW UDWKHU LQ
WHUDFWLRQ RI GRSDPLQH ZLWK FRUWLFRVWULDWDO DIIHUHQW LQIRUPDWLRQ ,QGHHG D SRVVLEOH FRQFOXVLRQ IURP
WKLV ZRUN LV WKDW WKH I05, %2/' UHVSRQVH LV LQGLFDWLYH RI PHWDEROLF SURFHVVHV LQYROYHG LQ SODVWLF
LW\ LQ WKH VWULDWXP $ UHVXOW WKDW VXSSRUWV WKLV FRQFOXVLRQ LV WKDW ERWK SRVLWLYH DQG QHJDWLYHUHZDUG

SUHGLFWLRQ HUURUV ZKLFK VKRXOG ERWK UHVXOW LQ SODVWLF FKDQJHV LQ WKH IRUP RI LQFUHDVHV RU GHFUHDVHV
LQ WKH UHZDUG SUHGLFWLRQV K\SRWKHVL]HG WR EH VWRUHG LQ FRUWLFRVWULDWDO V\QDSVHV ERWK UHVXOWHG LQ
SRVLWLYHO\FRUUHODWHG %2/' UHVSRQVHV LQ WKH VWULDWXP
7KH H[SHULPHQW GHVLJQ DQG WKH UHVXOWV VKRZQ KHUH PD\ OHDG WR D QXPEHU RI IXWXUH LQYHVWLJD
WLRQV RI WKH 5/ RI SK\VLFDO FRJQLWLYH DQG SRWHQWLDOO\ RWKHU IRUPV RI DFWLRQV HJ LQFOXGLQJ OLPELF
DFWLRQV RI HPRWLRQDO H[SUHVVLRQ 7KH PHWKRGRORJLFDO LQQRYDWLRQV VXFK DV WKH UHDOWLPH FDQFHOOD
WLRQ RI I05, QRLVH WR DOORZ YRLFH UHVSRQVHV FRXOG DOVR EH H[SORLWHG WR LQYHVWLJDWH QRYHO SDUDGLJPV
LQ ZKLFK SDUWLFLSDQWV FDQ XVH D QRQPDQXDO UHVSRQVH GXULQJ H[SHULPHQWV )LQDOO\ E\ GHPRQVWUDW
LQJ WKDW VHSDUDWH DFWLRQV FDQ EH UHLQIRUFHG VHSDUDWHO\ LQ WKH EUDLQ WKLV ZRUN FRQWULEXWHV WKHRUHWLFDO
LQVLJKWV WR WKH ILHOG RI 5/ UHVHDUFK ZKLFK LQYROYHV QRW RQO\ QHXURVFLHQFH EXW DOVR FRJQLWLYH SV\
FKRORJ\ FRPSXWHU VFLHQFH DQG HFRQRPLFV

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$OELQ 5 / <RXQJ $ % DQG 3HQQH\ - %  7KH IXQFWLRQDO DQDWRP\ RI EDVDO JDQJOLD
GLVRUGHUV 7UHQGV LQ QHXURVFLHQFHV ±
$OH[DQGHU * ( 'H/RQJ 0 5 DQG 6WULFN 3 /  3DUDOOHO RUJDQL]DWLRQ RI IXQFWLRQDOO\
VHJUHJDWHG FLUFXLWV OLQNLQJ EDVDO JDQJOLD DQG FRUWH[ $QQXDO UHYLHZ RI QHXURVFLHQFH ±
$QGHUVRQ - 5 %RWKHOO ' %\UQH 0 ' 'RXJODVV 6 /HELHUH & DQG 4LQ <  $Q
LQWHJUDWHG WKHRU\ RI WKH PLQG 3V\FKRORJLFDO UHYLHZ ±
$WDOODK + ( /RSH]3DQLDJXD ' 5XG\ - : DQG 2¶5HLOO\ 5 &  6HSDUDWH QHXUDO VXE
VWUDWHV IRU VNLOO OHDUQLQJ DQG SHUIRUPDQFH LQ WKH YHQWUDO DQG GRUVDO VWULDWXP 1DWXUH QHXURVFLHQFH
±
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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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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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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 6LQJOH FHOO VWXGLHV RI WKH SULPDWH SXWDPHQ LL UHOD
WLRQV WR GLUHFWLRQ RI PRYHPHQW DQG SDWWHUQ RI PXVFXODU DFWLYLW\ ([SHULPHQWDO EUDLQ UHVHDUFK
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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 7KH YDVFXODU VXSSO\ RI WKH IXQFWLRQDO FRPSDUWPHQWV RI
WKH KXPDQ VWULDWXP %UDLQ  D MRXUQDO RI QHXURORJ\ 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±
)XQDKDVKL 6 %UXFH & - DQG *ROGPDQ5DNLF 3 6 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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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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 'RUVDO DQWHULRU FLQJXODWH FRUWH[ LQWHJUDWHV UHLQIRUFH
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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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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±
.DNDGH 6 DQG 'D\DQ 3 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7KRPSVRQ 3 9HUFDXWHUHQ 7 :RRGV 5 3 0DQQ - - DQG 3DUVH\ 5 9 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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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0LGGOHWRQ ) $ DQG 6WULFN 3 /  7KH WHPSRUDO OREH LV D WDUJHW RI RXWSXW IURP WKH EDVDO
JDQJOLD 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD
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0LGGOHWRQ ) $ DQG 6WULFN 3 /  %DVDO JDQJOLD DQG FHUHEHOODU ORRSV PRWRU DQG FRJQLWLYH
FLUFXLWV %UDLQ UHVHDUFK %UDLQ UHVHDUFK UHYLHZV ±
0LQVN\ 0  7KH 6RFLHW\ RI 0LQG 6LPRQ DQG 6FKXVWHU
0OOHU - 5 3KLOLDVWLGHV 0 * DQG 1HZVRPH : 7  0LFURVWLPXODWLRQ RI WKH VXSHULRU
FROOLFXOXV IRFXVHV DWWHQWLRQ ZLWKRXW PRYLQJ WKH H\HV 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI
6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD ±
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0XUWK\ $ 7KRPSVRQ . * DQG 6FKDOO - '  '\QDPLF GLVVRFLDWLRQ RI YLVXDO VHOHFWLRQ
IURP VDFFDGH SURJUDPPLQJ LQ IURQWDO H\H ILHOG -RXUQDO RI QHXURSK\VLRORJ\ ±
2¶'RKHUW\ - 'D\DQ 3 6FKXOW] - 'HLFKPDQQ 5 )ULVWRQ . DQG 'RODQ 5 -  'LV
VRFLDEOH UROHV RI YHQWUDO DQG GRUVDO VWULDWXP LQ LQVWUXPHQWDO FRQGLWLRQLQJ 6FLHQFH 1HZ <RUN
1< ±
2¶'RKHUW\ - 3 'D\DQ 3 )ULVWRQ . &ULWFKOH\ + DQG 'RODQ 5 -  7HPSRUDO GLIIHUHQFH
PRGHOV DQG UHZDUGUHODWHG OHDUQLQJ LQ WKH KXPDQ EUDLQ 1HXURQ ±
2MD (  $ VLPSOLILHG QHXURQ PRGHO DV D SULQFLSDO FRPSRQHQW DQDO\]HU -RXUQDO RI PDWKH
PDWLFDO ELRORJ\ ±
2¶5HLOO\ 5 &  %LRORJLFDOO\ EDVHG FRPSXWDWLRQDO PRGHOV RI KLJKOHYHO FRJQLWLRQ 6FLHQFH
1HZ <RUN 1< ±
2¶5HLOO\ 5 & DQG )UDQN 0 -  0DNLQJ ZRUNLQJ PHPRU\ ZRUN D FRPSXWDWLRQDO PRGHO
RI OHDUQLQJ LQ WKH SUHIURQWDO FRUWH[ DQG EDVDO JDQJOLD 1HXUDO FRPSXWDWLRQ ±
3DJQRQL * =LQN & ) 0RQWDJXH 3 5 DQG %HUQV * 6  $FWLYLW\ LQ KXPDQ YHQWUDO
VWULDWXP ORFNHG WR HUURUV RI UHZDUG SUHGLFWLRQ 1DWXUH QHXURVFLHQFH ±
3DVXSDWK\ $ DQG 0LOOHU ( .  'LIIHUHQW WLPH FRXUVHV RI OHDUQLQJUHODWHG DFWLYLW\ LQ WKH
SUHIURQWDO FRUWH[ DQG VWULDWXP 1DWXUH ±
3HQQDUW] & 0 $ /HH ( 9HUKHXO - /LSD 3 %DUQHV & $ DQG 0F1DXJKWRQ % / 
7KH YHQWUDO VWULDWXP LQ RIIOLQH SURFHVVLQJ HQVHPEOH UHDFWLYDWLRQ GXULQJ VOHHS DQG PRGXODWLRQ
E\ KLSSRFDPSDO ULSSOHV 1HXURVFLHQFH ±
3HUU\ 5 - DQG =HNL 6  7KH QHXURORJ\ RI VDFFDGHV DQG FRYHUW VKLIWV LQ VSDWLDO DWWHQWLRQ
DQ HYHQWUHODWHG IPUL VWXG\ %UDLQ  D MRXUQDO RI QHXURORJ\   3W ±
3RVQHU 0 ,  2ULHQWLQJ RI DWWHQWLRQ 7KH 4XDUWHUO\ MRXUQDO RI H[SHULPHQWDO SV\FKRORJ\
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±
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3RVQHU 0 , 6Q\GHU & 5 DQG 'DYLGVRQ % -  $WWHQWLRQ DQG WKH GHWHFWLRQ RI VLJQDOV
-RXUQDO RI H[SHULPHQWDO SV\FKRORJ\ ±
5D\QHU . 5HLFKOH ( ' 6WURXG 0 - :LOOLDPV & & DQG 3ROODWVHN $  7KH HIIHFW
RI ZRUG IUHTXHQF\ ZRUG SUHGLFWDELOLW\ DQG IRQW GLIILFXOW\ RQ WKH H\H PRYHPHQWV RI \RXQJ DQG
ROGHU UHDGHUV 3V\FKRORJ\ DQG DJLQJ ±
5HGJUDYH 3 DQG *XUQH\ .  7KH VKRUWODWHQF\ GRSDPLQH VLJQDO D UROH LQ GLVFRYHULQJ
QRYHO DFWLRQV" 1DWXUH UHYLHZV 1HXURVFLHQFH ±
5HGJUDYH 3 3UHVFRWW 7 - DQG *XUQH\ .  ,V WKH VKRUWODWHQF\ GRSDPLQH UHVSRQVH WRR
VKRUW WR VLJQDO UHZDUG HUURU" 7UHQGV LQ QHXURVFLHQFHV ±
5HLFKOH ( ' DQG /DXUHQW 3 $  8VLQJ UHLQIRUFHPHQW OHDUQLQJ WR XQGHUVWDQG WKH HPHUJHQFH
RI ´LQWHOOLJHQW´ H\HPRYHPHQW EHKDYLRU GXULQJ UHDGLQJ 3V\FKRORJLFDO UHYLHZ ±
5HVFRUOD 5 DQG :DJQHU $  $ 7KHRU\ RI 3DYORYLDQ &RQGLWLRQLQJ 9DULDWLRQV LQ WKH (I
IHFWLYHQHVV RI 5HLQIRUFHPHQW DQG 1RQUHLQIRUFHPHQW SDJHV ± ,Q $+ %ODFN DQG :)
3URNDV\ (GLWRUV &ODVVLFDO &RQGLWLRQLQJ ,, &XUUHQW 5HVHDUFK DQG 7KHRU\ $SSOHWRQ&HQWXU\
&URIWV 1HZ <RUN
5H\QROGV - 1 - DQG :LFNHQV - 5  'RSDPLQHGHSHQGHQW SODVWLFLW\ RI FRUWLFRVWULDWDO
V\QDSVHV 1HXUDO QHWZRUNV  WKH RIILFLDO MRXUQDO RI WKH ,QWHUQDWLRQDO 1HXUDO 1HWZRUN 6RFLHW\
±
5L]]RODWWL * 5LJJLR / 'DVFROD , DQG 8PLOWi &  5HRULHQWLQJ DWWHQWLRQ DFURVV WKH
KRUL]RQWDO DQG YHUWLFDO PHULGLDQV HYLGHQFH LQ IDYRU RI D SUHPRWRU WKHRU\ RI DWWHQWLRQ 1HXURSV\
FKRORJLD $±
5REELQV 7 DQG (YHULWW %  )XQFWLRQV RI GRSDPLQH LQ WKH GRUVDO DQG YHQWUDO VWULDWXP ,Q
6HPLQDUV LQ 1HXURVFLHQFH YROXPH  SDJHV ± (OVHYLHU
5ROOV (  7KH RUELWRIURQWDO FRUWH[ DQG UHZDUG &HUHEUDO FRUWH[ 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
6DODPRQH - '  7KH LQYROYHPHQW RI QXFOHXV DFFXPEHQV GRSDPLQH LQ DSSHWLWLYH DQG DYHU
VLYH PRWLYDWLRQ %HKDYLRXUDO EUDLQ UHVHDUFK 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±
6FKXOW] :  3UHGLFWLYH UHZDUG VLJQDO RI GRSDPLQH QHXURQV -RXUQDO RI QHXURSK\VLRORJ\
±
6FKXOW] : 'D\DQ 3 DQG 0RQWDJXH 3 5  $ QHXUDO VXEVWUDWH RI SUHGLFWLRQ DQG UHZDUG
6FLHQFH 1HZ <RUN 1< ±
6KLSS 6  7KH EUDLQ FLUFXLWU\ RI DWWHQWLRQ 7UHQGV LQ FRJQLWLYH VFLHQFHV ±
6WHUQ & DQG 3DVVLQJKDP 5  7KH QXFOHXV DFFXPEHQV LQ PRQNH\V 0DFDFD IDVFLFXODULV
,, (PRWLRQ DQG PRWLYDWLRQ %HKDYLRXUDO %UDLQ 5HVHDUFK 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6XUL 5 ( DQG 6FKXOW] :  /HDUQLQJ RI VHTXHQWLDO PRYHPHQWV E\ QHXUDO QHWZRUN PRGHO
ZLWK GRSDPLQHOLNH UHLQIRUFHPHQW VLJQDO ([SHULPHQWDO EUDLQ UHVHDUFK ([SHULPHQWHOOH +LUQ
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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
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7HVDXUR *  7GJDPPRQ D VHOIWHDFKLQJ EDFNJDPPRQ SURJUDP DFKLHYHV PDVWHUOHYHO
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7KLV DSSHQGL[ FKDSWHU GHWDLOV WKH I05, DQDO\VLV VWUHDP WKDW ZDV XVHG WR REWDLQ WKH UHVXOWV GLVFXVVHG
LQ WKLV GLVVHUWDWLRQ 7KH SULQFLSDO WRRO LQ WKH I05, DQDO\VLV ZDV WKH IUHH RSHQ VRXUFH 1,0+
VSRQVRUHG $)1, VRIWZDUH SDFNDJH 7KH RWKHU WRRO WKDW ZDV XVHG LQ WKLV ZRUN ZDV 8QLYHUVLW\ RI
3HQQV\OYDQLD¶V $1769HUVLRQ  SDFNDJH ZKLFKZDV XVHG WR DXWRPDWLFDOO\ WUDQVIRUP WKH DQDWRP\
RI LQGLYLGXDO SDUWLFLSDQW EUDLQV WR D FRPPRQ UHIHUHQFH EUDLQ LH 77B1 LQ 7DODLUDFK VSDFH
3ULRU WR VWDWLVWLFDO DQDO\VLV WKH I05, GDWD UHTXLUHV UHFRQVWUXFWLRQ DQG YDULRXV QRUPDOL]DWLRQ
SURFHGXUHV NQRZQ DQ SUHSURFHVVLQJ 7KH SUHSURFHVVLQJ VWHSV FDQ EH GLYLGHG LQWR SDUWLFLSDQW
VSHFLILF DQG SDUWLFLSDQWJHQHUDO SDUWV 3DUWLFLSDQWVSHFLILF VWHSV LQFOXGH SDUDPHWHUV WKDW YDULHG RQ
D SDUWLFXODU VFDQ )RU H[DPSOH VRPH SDUWLFLSDQWV PD\ KDYH PRYHG EHWZHHQ WKH DFTXLVLWLRQ RI
WKH VWUXFWXUDO VFDQ DQG WKH DFTXLVLWLRQ RI WKH IXQFWLRQDO VFDQV RU WKRVH VFDQV PD\ KDYH EHHQ RE
WDLQHG DW GLIIHULQJ REOLTXLWLHV LQ WKRVH FDVHV VRPH QXGJLQJ DQGRU URWDWLRQ ZDV UHTXLUHG SULRU WR
VWUXFWXUDOWRIXQFWLRQDO DOLJQPHQW ,Q FRQWUDVW LQ VHYHUDO SDUWLFLSDQWV WKHUH ZDV VLJQLILFDQW PRYH
PHQW EHWZHHQ WKH DFTXLVLWLRQ RI WKH DQDWRPLFDO DQG IXQFWLRQDO VFDQV DQG VR DGGLWLRQDO QXGJLQJ
DQGRU URWDWLRQ VWHSV ZHUH UHTXLUHG
$IWHU WKH SDUWLFLSDQWVSHFLILF VWHSV WKH EXON RI WKH SUHSURFHVVLQJ WRRN SODFH XVLQJ SDUWLFLSDQW
JHQHUDO VWHSV 7KLV LQFOXGHG DOLJQLQJ HDFK SDUWLFLSDQW¶V IXQFWLRQDO VFDQV WR WKHLU DQDWRPLFDO VFDQV
FRUUHFWLQJ IRU PRYHPHQW IURP RQH IXQFWLRQDO VFDQ WR WKH QH[W WKH QRUPDOL]DWLRQ RI WKH EUDLQ DF
$)1, LV DYDLODEOH DW KWWSDIQLQLPKQLKJRY
$176 LV DYDLODEOH DW KWWSZZZSLFVOXSHQQHGX$176

WLYDWLRQ LQWHQVLW\ YDOXHV WKURXJKRXW HDFK UXQ HWF 7KH\ DOVR LQFOXGHG WUDQVIRUPLQJ WKH DQDWRPLFDO
LPDJH WR WKH JURXS DQDWRPLFDO LPDJH LQ 7DODLUDFK VSDFH ZKLFK ZDV WDNHQ LQ WKLV VWXG\ WR EH &ROLQ¶V
LH 77B1 EUDLQ
1RWH WKDW LQ WKH GHVLJQ RI WKLV I05, DQDO\VLV VWUHDP LW ZDV SUHIHUUHG WR PLQLPL]H WKH DPRXQW
RI SURFHVVLQJ DSSOLHG WR WKH IXQFWLRQDO LPDJHV 7KH UHDVRQV IRU WKLV DUH WZR IROG  DSSO\LQJ
WUDQVIRUPDWLRQV RU FRPSXWDWLRQ WR WKH HQWLUH VHW RI IXQFWLRQDO LPDJHV ZRXOG EH FRPSXWDWLRQDOO\
LQWHQVLYH FRPSDUHG WR VLPSO\ SURFHVVLQJ WKH VWUXFWXUDO LPDJH DQG  PRVW WUDQVIRUPDWLRQV GHJUDGH
WKH GDWD LQ VRPH ZD\ DQG VR WKH JRDO ZDV WR PLQLPL]H WKLV GHJUDGDWLRQ
$ )05, 35(352&(66,1*
$ 3$57,&,3$1763(&,),& 67(36
'HSHQGLQJ RQ ORJLVWLFV RI HDFK SDUWLFLSDQW¶V VFDQV WKH IROORZLQJ WZR VWHSV GLIIHUHG VOLJKWO\ IURP
SDUWLFLSDQW WR SDUWLFLSDQW &RSLHV RI WKH VFDQ VKHHWV SURYLGHG E\ WKH VFDQQLQJ FHQWHU IRU HDFK SDU
WLFLSDQW DUH DWWDFKHG IRU IXWXUH UHIHUHQFH
7KH ILUVW VWHS LQ WKH SUHSURFHVVLQJ ZDV UHFRQVWUXFWLQJ WKH LPDJHV IURP WKH VFDQQHU WR FRQYHUW
WKHP LQWR $)1, IRUPDW 7KH QXPEHUV SUHFHGLQJ WKH GFP UHIHUUHG WR WKH UXQ QXPEHU LH WKH QWK
WLPH WKH VFDQQHU ZDV VWDUWHG IRU D FRQWLQXRXV UXQ
 O MiQKB+H BK;2
 iQj/ @Q`B2Mi a_ @bbmK2n/B+QKnKQbB+ @Mi @T`27Bt KT`;2 jf X/+K

 O _2biBM; bii2 +Q``2HiBQM /i
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 k8e kb HiYx @T`27Bt `2biBM; 8f X/+K

 O 1tT2`BK2MiH /i UHi2`MiBM; *PLh_PG M/ G1_L `mMbV
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 kRe kb HiYx @T`27Bt +QMi`QHR ef X/+K
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 9jk kb HiYx @T`27Bt H2`MR df X/+K
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 kRe kb HiYx @T`27Bt +QMi`QHk Nf X/+K
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 9jk kb HiYx @T`27Bt H2`Mk Ryf X/+K
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 kRe kb HiYx @T`27Bt +QMi`QHj RRf X/+K
 iQj/ @bbmK2n/B+QKnKQbB+ @iBK2,xi j3 9jk kb HiYx @T`27Bt H2`Mj Rkf X/+K
$)1, LQFOXGHV DQ DXWRPDWHG FRUHJLVWUDWLRQ WRRO FDOOHG DOLJQBHSLBDQDWS\ WKDW ZDV XVHG WR
DOLJQ WKH VWUXFWXUDO VFDQ WR WKH IXQFWLRQDO VFDQV +RZHYHU ,I WKH VWUXFWXUDO DQG IXQFWLRQV ZHUH
VLJQLILFDQWO\ RXW RI VSDWLDO DOLJQPHQW ILUVW D URXJK KDQG DOLJQPHQW RI WKH IXQFWLRQDO DQG DQDWRPLFDO
GDWDVHWV ZDV GRQH XVLQJ WKH QXGJH DQG URWDWH WRROV DV GHPRQVWUDWHG EHORZ 1RWH WKDW WKH QXPEHU RI

W\SH RI QXGJHV GLIIHUHG IURP SDUWLFLSDQW WR SDUWLFLSDQW XQWLO WKH LPDJHV ZHUH DSSUR[LPDWHO\ DOLJQHG
$OVR QRWH WKDW DOLJQBHSLBDQDWS\ ZKLFK SHUIRUPV WKH DXWRPDWHG DOLJQPHQW RI WKH VWUXFWXUDO LPDJH
WR WKH IXQFWLRQDOV KDV RSWLRQV VXFK DV ³ELJBPRYH´ DQG ³KXJHBPRYH´ ZKLFK PD\ RYHUFRPH WKH
QHHG IRU WKH FRDUVH PDQXDO DOLJQPHQW
 O JMmHHv Mm/;BM; M/ `QiiBM; 7Q`  `Qm;? BMBiBH HB;MK2MiX
 j/aFmHHai`BT @BMTmi KT`;2YQ`B; @T`27Bt KT`;2nj/bFmHHbi`BT
 j/MiLm/;2 @t 8 @v ky @x 8 @Mi KT`;2nj/bFmHHbi`BTYQ`B; @2TB `2biBM;YQ`B; @T`27Bt KT`;2nMm/;2
 j/MiLm/;2 @t 8 @v ky @x 8 @Mi KT`;2nMm/;2YQ`B; @2TB `2biBM;YQ`B; @T`27Bt KT`;2nMm/;2k
 j/MiLm/;2 @t 8 @v ky @x 8 @Mi KT`;2nMm/;2kYQ`B; @2TB `2biBM;YQ`B; @T`27Bt KT`;2nMm/;2j

 j/`Qii2 @T`27Bt KT`;2nMm/;2jn`QiRj_ @`Qii2 Rj_ y y KT`;2nMm/;2jYQ`B;

 j/+QTv KT`;2nMm/;2jn`QiRj_YQ`B; MinKT`;2
$ 3$57,&,3$17*(1(5$/ 67(36
$XWR7DODLUDFKLQJ $)1, SURYLGHV DQ DXWRPDWLF 7DODLUDFKLQJ DOJRULWKP ZKLFK EULQJV SDUWLFL
SDQWV¶ EUDLQV LQWR D FRPPRQ VSDFH $OWKRXJK WKH UHVXOWV LQ WKLV GLVVHUWDWLRQ DUH EDVHG RQ WKH XVH
RI D VHSDUDWH WUDQVIRUPDWLRQ $176 VHH EHORZ WKH DXWRPDWHG 7DODLUDFKLQJ LV PHQWLRQHG KHUH
EHFDXVH LV JHQHUDOO\ VXIILFLHQWO\ JRRG IRU VWXGLHV RI QHRFRUWLFDO DFWLYDWLRQV 7KH V\QWD[ IRU D SUH
VWULSSHG EUDLQ HJ DQDWBPSUDJHBDORULJ IURP DERYH LV DV IROORZV
 O q`T  bi`m+im`H MK2/ MinKT`;2nHYQ`B; iQ *QHBM UhhnLkdV vB2H/BM; MinKT`;2nHYQ`B;nn`27nhhnLkd
 !miQniH`+ @MQnbb @#b2 hhnLkdYiH`+ @BMTmi MinKT`;2nHYQ`B; @bm77Bt nn`27nhhnLkd
7LPHVOLFLQJ FRUUHFWLRQ $V LQ PRVW VFDQQLQJ SURWRFROV WKH IXQFWLRQDO GDWD IRU HDFK SDUWLFLSDQW
ZDV FDSWXUHG LQ DQ LQWHUODFHG IDVKLRQ WKDW LV HDFK IXQFWLRQDO LPDJH FRQWDLQHG DPL[WXUH RI DFTXLUHG
YR[HOV IURP WZR GLVWLQFW WLPH LQWHUYDOV )RU H[DPSOH KDOI RI WKH VOLFHV LQ WKH IXQFWLRQDO LPDJH
FDSWXUHG DW W V ZHUH FDSWXUHG DW W  VV DQG WKH UHPDLQGHU ZHUH FDSWXUHG DW W VV 7KLV
LQWHUODFLQJ RI GDWD LV ODUJHO\ LUUHOHYDQW IRU EORFNGHVLJQ H[SHULPHQWV EHFDXVH WKH LQWHQVLW\ YDOXHV DUH
VXPPHG RU DYHUDJHG DFURVV WKH HQWLUH EORFN +RZHYHU WKH SUHVHQW H[SHULPHQW LV DQ HYHQWUHODWHG
GHVLJQ H[SHULPHQW 7KHUHIRUH WR PD[LPL]H RXU SRZHU WR GHWHFW HYHQWUHODWHG HIIHFWV DW SDUWLFXODU
WLPHV WKH LPDJHV ZHUH GHLQWHUODFHG 7KLV LV WHUPHG VOLFHWLPLQJ FRUUHFWRQ
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt `2biBM;nib?B7i `2biBM;YQ`B;
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt +QMi`QHRnib?B7i +QMi`QHRYQ`B;
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt +QMi`QHknib?B7i +QMi`QHkYQ`B;
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt +QMi`QHjnib?B7i +QMi`QHjYQ`B;
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt H2`MRnib?B7i H2`MRYQ`B;
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt H2`Mknib?B7i H2`MkYQ`B;
 j/hb?B7i @6Qm`B2` @iTii2`M HiYx @B;MQ`2 8 @T`27Bt H2`Mjnib?B7i H2`MjYQ`B;

0RWLRQ FRUUHFWLRQ $OO RI WKH IXQFWLRQDO LPDJHV IURP WKH H[SHULPHQW ZHUH FRQFDWHQDWHG VHTXHQ
WLDOO\ DQG WKHQ $)1,¶V PRWLRQ FRUUHFWLRQ DOJRULWKP ZDV DSSOLHG WR WKH GDWD WR EULQJ DOO LPDJHV LQWR
UHJLVWHU ZLWK WKH WK LPDJH LH LPDJH  7KLV RSHUDWLRQ DOVR RXWSXWWHG DQ HVWLPDWH RI PRYHPHQW
LQ WKUHH GLIIHUHQW GLPHQVLRQV
 O *QM+i2Mi2 HH `mMb Q7 i?2 b+MX
 j/h+i @T`27Bt HH`mMb `2biBM;nib?B7iYQ`B; +QMi`QHRnib?B7iYQ`B; $$
 H2`MRnib?B7iYQ`B; +QMi`QHknib?B7iYQ`B; H2`Mknib?B7iYQ`B; $$
 H2`Mjnib?B7iYQ`B; +QMi`QHjnib?B7iYQ`B;

 O S2`7Q`K KQiBQM +Q``2+iBQM- HB;MBM; HH BK;2b U2p2`v k b2+QM/bV iQ i?2 7B7i? BK;2
 j/pQH`2; @#b2 HH`mMbYQ`B;^(9)^ @6Qm`B2` @xT/ 9 @/7BH2 `QHHTBi+?vraAG_SXiti $$
 @T`27Bt HH`mMbnpQH`2; HH`mMbYQ`B;
$OLJQ VWUXFWXUDO WR IXQFWLRQDOV 5DWKHU WKDQ DOLJQLQJ HDFK SDUWLFLSDQW¶V IXQFWLRQDO LPDJHV WR WKHLU
DQDWRPLFDO LPDJH LW ZDV SUHIHUUHG WR DOLJQ WKH DQDWRPLFDO LPDJH WR WKH IXQFWLRQDO LPDJHV 7KLV
ZDV OHVV FRPSXWDWLRQDOO\ LQWHQVLYH DQG KHOSHG WR PLQLPL]H WKH QXPEHU RI WUDQVIRUPDWLRQV DQG
WKHUHIRUH GLVWRUWLRQV WKDW RFFXUUHG WR WKH IXQFWLRQDO GDWD LQ WKH FRXUVH RI WKH DQDO\VLV
 O HB;M i?2 JS_:1 iQ i?2 7mM+iBQMHb U7Q` MiQKB+H HQ+HBxiBQM-
 O M/ 2p2MimH hHB`+?BM; Q7 biiBbiB+H `2bmHibXV

 HB;Mn2TBnMiXTv @pQH`2; Q77 @/2Q#HB[m2 Q77 @Min?bnbFmHH MQ $$
 @Mi MinKT`;2YQ`B; @2TB HH`mMbnpQH`2;YQ`B; @2TBn#b2 8
,QWHQVLW\ 1RUPDOL]DWLRQ 7R DGMXVW IRU FKDQJHV LQ VFDQQHU VLJQDO LQWHQVLW\ IURP RQH UXQ WR WKH
QH[W WKH LPDJHV ZLWKLQ HDFK UXQ ZHUH QRUPDOL]HG WR D FRPPRQ LQWHQVLW\ YDOXH
 j/miQKbF @+H7`+ Xk8 @2+HBT @T`27Bt HH`mMbnpQH`2;nmiQKbF2/ HH`mMbnpQH`2;YQ`B;

 j/hbii @K2M @T`27Bt `2biBM;nK2M HH`mMbnpQH`2;YQ`B;^(yXXk88)^
 j/hbii @K2M @T`27Bt +QMi`QHRnK2M HH`mMbnpQH`2;YQ`B;^(k8eXX9dR)^
 j/hbii @K2M @T`27Bt H2`MRnK2M HH`mMbnpQH`2;YQ`B;^(9dkXXNyj)^
 j/hbii @K2M @T`27Bt +QMi`QHknK2M HH`mMbnpQH`2;YQ`B;^(Ny9XXRRRN)^
 j/hbii @K2M @T`27Bt H2`MknK2M HH`mMbnpQH`2;YQ`B;^(RRkyXXR88R)^
 j/hbii @K2M @T`27Bt +QMi`QHjnK2M HH`mMbnpQH`2;YQ`B;^(R88kXXRded)^
 j/hbii @K2M @T`27Bt H2`MjnK2M HH`mMbnpQH`2;YQ`B;^(Rde3XXkRNN)^

 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(yXXk88)^ @# `2biBM;nK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt `2biBM;nMQ`KHBx2/
 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(k8eXX9dR)^ @# +QMi`QHRnK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt +QMi`QHRnMQ`KHBx2/
 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(9dkXXNyj)^ @# H2`MRnK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt H2`MRnMQ`KHBx2/
 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(Ny9XXRRRN)^ @# +QMi`QHknK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt +QMi`QHknMQ`KHBx2/
 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(RRkyXXR88R)^ @# H2`MknK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt H2`MknMQ`KHBx2/
 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(R88kXXRded)^ @# +QMi`QHjnK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt +QMi`QHjnMQ`KHBx2/
 j/+H+ @7b+H2 @ HH`mMbnpQH`2;YQ`B;^(Rde3XXkRNN)^ @# H2`MjnK2MYQ`B; $$
 @+ HH`mMbnpQH`2;nmiQKbF2/YQ`B; @2tT ^+ Uf# RyyV^ @T`27Bt H2`MjnMQ`KHBx2/


 O _2@bb2K#H2 HH i?2 `mMb BMiQ  bBM;H2 7BH2 7Q` MHvb2bX
 j/h+i @T`27Bt HH`mMbnMQ`KHBx2/ `2biBM;nMQ`KHBx2/YQ`B; +QMi`QHRnMQ`KHBx2/YQ`B; $$
 H2`MRnMQ`KHBx2/YQ`B; +QMi`QHknMQ`KHBx2/YQ`B; H2`MknMQ`KHBx2/YQ`B; $$
 +QMi`QHjnMQ`KHBx2/YQ`B; H2`MjnMQ`KHBx2/YQ`B;
6HSDUDWLQJ ([SHULPHQWV 7KH SUHFHGLQJ VWHSV FRPSOHWH WKH SUHSURFHVVLQJ )LQDOO\ EHFDXVH UHVW
LQJ VWDWH DQG WKH H[SHULPHQW ZLOO EH WUHDWHG VHSDUDWHO\ WKH\ DUH GLYLGHG LQWR WZR VHSDUDWH ILOHV
 j/h+i @T`27Bt `2biBM;bii2 HH`mMbnMQ`KHBx2/YQ`B;^(yXXk88)^
 j/h+i @T`27Bt KK`H HH`mMbnMQ`KHBx2/YQ`B;^(k8eXXkRNN)^

 j/h+i @T`27Bt `2biBM;bii2nbKQQi?2/ HH`mMbnMQ`KHBx2/nbKQQi?2/YQ`B;^(yXXk88)^
 j/h+i @T`27Bt KK`HnbKQQi?2/ HH`mMbnMQ`KHBx2/nbKQQi?2/YQ`B;^(k8eXXkRNN)^
$ 63$7,$/ 75$16)250$7,216
3HUIRUPLQJ VSDWLDO IXQFWLRQDO QHXURLPDJLQJ DQDO\VHV DW WKH JURXS OHYHO UHTXLUHV VRPH W\SH RI WUDQV
IRUPDWLRQ WR EULQJ WKH GLIIHUHQW EUDLQV RI WKH SDUWLFLSDQWV LQWR D FRPPRQ VSDFH 2IWHQ WKLV FRPPRQ
VSDFH LV LQ D VWDQGDUGL]HG FRRUGLQDWH IUDPH LH 7DODLUDFK VSDFH VR WKDW WKH FRRUGLQDWHV RI UHJLRQV
RI LQWHUHVW FDQ EH UHSRUWHG DQG FRPSDUHG
7KHUH DUH D QXPEHU RI WUDQVIRUPDWLRQ PHWKRGV WKDW FDQ EH SHUIRUPHG HDFK ZLWK WKHLU DGYDQ
WDJHV DQG GLVDGYDQWDJHV )RU H[DPSOH WKH EXON RI I05, VWXGLHV XVH D PHWKRG OLNH WKDW SURYLGHG E\
WKH $)1, SDFNDJH ZKLFK LV DQ DIILQH WUDQVIRUPDWLRQ $Q DIILQH WUDQVIRUPDWLRQ LV D VHULHV RI OLQHDU
WUDQVIRUPDWLRQV ZKLFK LQFOXGH D FRPELQDWLRQ RI WUDQVODWLQJ LH VKLIWLQJ LQ WKH [\ RU ]SODQH
URWDWLQJ VFDOLQJ DQG VKHDULQJ LH WLWOLQJ LQ WKH [ \ RU ]SODQH ,Q VWXGLHV IRFXVLQJ RQ QHRFRU
WLFDO %2/' DFWLYDWLRQ ZKLFK UHODWLYHO\ ODUJH VPRRWKLQJ NHUQHOV HJ PP RU PRUH WKH DIILQH
WUDQVIRUPDWLRQ PD\ EH DGHTXDWH +RZHYHU ZKHQ DQ DIILQH WUDQVIRUPDWLRQ LV QRW DGHTXDWH WKHUH
DUH D QXPEHU RI DOWHUQDWLYH PHWKRGV WKDW FDQ EH XVHG 2QH VXFK PHWKRG LV QRQOLQHDU ZDUSLQJ
:KHQ H[DPLQLQJ WKH UHJLRQV WKDW DUH WKH IRFXV RI WKLV VWXG\ VXFK DV WKH VWULDWXP WKH LQDGHTXDF\
RI DQ DIILQH WUDQVIRUP EHFRPHV HVSHFLDOO\ DSSDUHQW 7KH VKDSH RI WKH VWULDWXP HVSHFLDOO\ LQ LWV
PRVW GRUVDO SRUWLRQV YDULHV FRQVLGHUDEO\ IURP LQGLYLGXDO WR LQGLYLGXDO D IDFW SRVVLEO\ UHODWHG WR
LWV MX[WDSRVLWLRQ WR WKH YHQWULFOHV $FFRUGLQJ WR D UHFHQW FRPSDUDWLYH UHYLHZ RI  QRQOLQHDU ZDUS
LQJ DOJRULWKPV $176 $GYDQFHG 1RUPDOL]DWLRQ 7RROV 8QLYHUVLW\ RI 3HQQV\OYDQLD ZDV VXSHULRU

HVSHFLDOO\ ZLWK UHVSHFW WR EDVDO JDQJOLD QRUPDOL]DWLRQ .OHLQ HW DO  7R SURYLGH D TXDOLWDWLYH
DVVHVVPHQW RI SHUIRUPDQFH RQ WKH SUHVHQW GDWD VHW )LJXUH $ SDJH  FRPSDUHV WKH DOLJQPHQW
RI $)1,¶V DXWRPDWHG DIILQH WUDQVIRUPDWLRQ WRRO LH DXWRBWOUF WR WKH DOLJQPHQW RI $176¶ 6\Q
ZDUSLQJ DOJRULWKP ,Q D QXPEHU RI UHVSHFWV WKH UHVXOWV XVLQJ $176 ZHUH FOHDUO\ VXSHULRU
)LJXUH $ &RPSDULVRQ RI UHVXOWV IURP $)1,¶V DIILQH WUDQVIRUPDWLRQ WRS WR WKH $176 QRQ
OLQHDU ZDUSLQJ DOJRULWKP GHIDXOW VHWWLQJV ERWWRP 7KH WRS URZ VKRZV WKH VDPH D[LDO VOLFH
IURP IRXU H[SHULPHQW SDUWLFLSDQWV 7KH LPDJH LQ WKH FHQWHU LV WKH VOLFH DW WKH VDPH OHYHO IURP WKH
WDUJHW EUDLQ 771 &ROLQ 7KH ERWWRP URZ LV WKH UHVXOW RI WKH DXWRPDWHG ZDUSLQJ DOJRULWKP
SURYLGHG E\ $176 7KH LPSURYHPHQW LQ WKH FRUHJLVWUDWLRQ LV YHU\ DSSDUHQW LQ WKLV SDUWLFXODU VOLFH
HVSHFLDOO\ IRU WKH FDXGDWH QXFOHXV DV ZHOO DV WKH JUH\ PDWWHU LQ WKH IURQWDO DQG RFFLSLWDO FRUWLFHV
8VLQJ WKH DQDWRPLFDO LPDJHV WKDW KDYH EHHQ QXGJHG URWDWHG DQG DOLJQHG YROXPH UHJLVWHUHG
LQ $)1, WR WKH IXQFWLRQDO GDWD LH DQDWBPSUDJHBDORULJ ZH DSSO\ WKH IROORZLQJ VFULSW WR HDFK
SDUWLFLSDQW )RU H[DPSOH IRU SDUWLFLSDQW I
 +/ q_SnLha

 HM @b XXf7yy9fMinKT`;2nHYQ`B;X"_AE Xf7yy9nM22/b_2bKTH2hQ_AYQ`B;X"_AE
 HM @b XXf7yy9fMinKT`;2nHYQ`B;X>1. Xf7yy9nM22/b_2bKTH2hQ_AYQ`B;X>1.
 j/`2bKTH2 @Q`B2Mi _A @T`27Bt 7yy9 @BMb2i 7yy9nM22/b_2bKTH2hQ_AYQ`B;

 j/6LAiQLA6hA 7yy9YQ`B;
 MibXb? j hhnLkdXMBB 7yy9XMBB Mibn7yy9 = Mibn7yy9XHQ;
 +/ XX
7KLV FRPPDQG XVHV WKH GHIDXOW ³DQWVVK´ VFULSW ZKLFK XVHV DV LWV SDUDPHWHUV WKH WUDQVIRUPD
WLRQ DOJRULWKP LWVHOI LV 6\1>@ WKH 0D[,WHUDWLRQV LV [[ WKH QXPEHU RI 0XOWL5HVROXWLRQ
OHYHOV LV  5HJXODUL]DWLRQ LV *DXVV>@ DQG WKH PHWULF LV ³35>´
7KH UHVXOW RI WKLV WUDQVIRUPDWLRQ LV D QXPEHU RI ILOHV WKDW FRQWDLQ WKH WUDQVIRUPHG DQDWRPL










7KH UHVXOWV RI WKLV ZDUSLQJ DUH  DQ DQDWRPLFDO LPDJH RI WKH SDUWLFLSDQW WKDW KDV EHHQ ZDUSHG
WR WKH WDUJHW EUDLQ LH DQWVBIGHIRUPHGQLL DQG  $ VHULHV RI WUDQVIRUPDWLRQ PDWULFHV WKDW FDQ
EH DSSOLHG WR IXQFWLRQDO GDWD WR EULQJ WKHP LQWR WKH JURXS VSDFH LH WKH UHPDLQGHU RI WKH ILOHV LQ
WKH DERYH OLVWLQJ
$ )25:$5' 75$16)250$7,21 ,172 *5283 63$&(
8VLQJ $176 $IWHU GHFRQYROXWLRQ DQDO\VHV ZHUH SHUIRUPHG DW WKH VLQJOH VXEMHFW OHYHO XVLQJ WKH
VLQJOH VXEMHFW UHJUHVVRUV SURGXFHG E\ WKH UHLQIRUFHPHQW OHDUQLQJ PRGHO JURXSOHYHO DQDO\VHV LH
D GWWHVW UHTXLUHV WKDW HDFK SDUWLFLSDQW¶V VWDWLVWLFDO PDS EH WUDQVODWHG WR WKH JURXS VSDFH XVLQJ WKH
UHVXOWLQJ PDWULFHV IURP WKH QRQOLQHDU DQDWRPLFDO ZDUSLQJ GHVFULEHG LQ WKH SUHFHGLQJ VHFWLRQ
$SSO\LQJ WKLV WUDQVIRUPDWLRQ WR WKH RXWSXW IURP G'HFRQYROYH LH 'HFRQY2XWSXWQLL IRU D
SDUWLFXODU SDUWLFLSDQW HJ I FDQ EH SHUIRUPHG E\ XVLQJ WKLV FRPPDQG
 j/6LAiQLA6hA .2+QMpYQ`B;
 q`TAK;2JmHiBh`Mb7Q`K j .2+QMpXMBB .2+QMpq`T2/niQnhhLkdXMBB @_ hhnLkdXMBB @@Lha@T`27Bt Mibn7yy9

8VLQJ $)1,
$ VLPLODU WUDQVIRUPDWLRQ FDQ EH SHUIRUPHG XVLQJ $)1,¶V VLPSOHU DIILQH WUDQVIRUPDWLRQ JLYHQ
WKDW D SDUWLFLSDQW DQDWRP\ KDV EHHQ 7DODLUDFKHG HJ XVLQJ #DXWRBWOUF
 !miQniH`+ @T` MinKT`;2nHnn`27nhhnLkdYiH`+ @bm77Bt niQnhhLkd @BMTmi .2+QMpYQ`B;
$ ,19(56( 75$16)250$7,21 72 ,1',9,'8$/ 63$&(6
$ QXPEHU RI I05, K\SRWKHVHV UHTXLUH SHUIRUPLQJ WHVWV RQ RULJLQDO GDWD UDWKHU WKDQ VWDWLVWLFDO PDSV
DULVLQJ IURP GHFRQYROXWLRQ RU */0 DQDO\VHV )RU H[DPSOH D UHVHDUFKHU PD\ EH LQWHUHVWHG LQ
H[WUDFWLQJ WLPHFRXUVH LQIRUPDWLRQ IURP SDUWLFXODU YR[HOV LQ HDFK VXEMHFW¶V EUDLQ VSHFLILHG E\ D
JURXSOHYHO UHJLRQ RI LQWHUHVW RU PDVN $QRWKHU H[DPSOH LV WR SHUIRUP IXQFWLRQDO FRQQHFWLYLW\
DQDO\VLV ZKLFK UHTXLUHV H[DPLQLQJ WHPSRUDO FRUUHODWLRQV LQ WKH RULJLQDO VLJQDO 3HUIRUPLQJ WKHVH
NLQGV RI DQDO\VHV UHTXLUHV HLWKHU WUDQVIRUPLQJ DOO RI WKH UDZ IXQFWLRQDO GDWD WR WKH JURXS VSDFH D
FRPSXWDWLRQDOO\ H[SHQVLYH RSHUDWLRQ RU WKH VROXWLRQ SUHIHUUHG KHUH WUDQVIRUPLQJ WKH JURXSOHYHO
PDSV RU UHJLRQV RI LQWHUHVW EDFN LQWR WKH RULJLQDO VXEMHFW VSDFHV
%RWK $176 DQG $)1, SURYLGH WUDQVIRUPDWLRQV WKDW DUH LQYHUWLEOH 7KLV VHFWLRQ VKRZV H[DPSOH
V\QWD[ WKDW GHPRQVWUDWHV KRZ WR SHUIRUP WKHVH LQYHUVH WUDQVIRUPDWLRQV 1RWH WKDW LQYHUVH WUDQV
IRUPDWLRQV DUH QRW UHTXLUHG WR REWDLQ D JURXS OHYHO WLPHFRXUVHV LI LPSXOVHUHVSRQVH IXQFWLRQV DUH
VDYHG IRU HDFK YR[HO DV WKH\ DUH LQ GHFRQYROXWLRQ DSSURDFKHV 7KRVH LPSXOVHUHVSRQVH IXQFWLRQV
FDQ EH IRUZDUG WUDQVIRUPHG LQWR WKH JURXS VSDFH DQG WKHQ H[WUDFWHG RU DYHUDJHG RYHU JURXSOHYHO
PDVNV
8VLQJ $176 7R LQYHUW D PDS IURP WKH JURXS VSDFH LQWR WKH VSDFH RI D VLQJOH VXEMHFW RQH FRXOG
SHUIRUP WKH IROORZLQJ FRPPDQG
 q`TAK;2JmHiBh`Mb7Q`K j KbFXMBB KbFnBMp2`i2/n`2bmHiXMBB @_ 7yy9XMBB $
 @@Lha@T`27Bt@BMp2`i Mibn7yy9 @@Lha@BMp2`i
8VLQJ $)1, ,I PDVN ZDV REWDLQHG RQ JURXS GDWD REWDLQHG E\ DSSO\LQJ #DXWRBWOUF WKDW WUDQVIRU
PDWLRQ FDQ EH LQYHUWHG E\ XVLQJ WKH GIUDFWLRQL]H FRPPDQG HJ
 j/7`+iBQMBx2 @i2KTHi2 MinKT`;2YQ`B; @BMTmi ;`QmTKbFYiH`+ @r`T MinKT`;2ninhhnLkdYiH`+ @+HBT yXk

$33(1',; %
5($/7,0( )05, 6&$11(5 12,6( &$1&(//$7,21
7KLV FKDSWHU GHWDLOV WKH VRXQG FDQFHOODWLRQ WHFKQLTXH WKDW ZDV GHYHORSHG IRU WKLV I05, VWXG\ VR
WKDW RUDO UHSRUWV RI WKH SDUWLFLSDQWV FRXOG EH UHFRUGHG DV WKH\ SHUIRUPHG WKH WDVN ,PSRUWDQWO\ WKH
RUDO UHSRUWV QHHGHG WR EH KHDUG DQG HQWHUHG LQWR WKH FRPSXWHU RQOLQH LH ZKLOH WKH H[SHULPHQW ZDV
UXQQLQJ VR WKDW SDUWLFLSDQWV FRXOG REWDLQ UHZDUG IHHGEDFN
7KLV VRXQG FDQFHOODWLRQ DSSURDFK XVHG KHUH ZDV VHOHFWHG EHFDXVH WKH DOJRULWKP LV VLPSOH LH
D GR]HQ OLQHV RI FRGH DQG LW ZDV QRW YHU\ FRPSXWDWLRQDOO\LQWHQVLYH
% 29(59,(:
2QH RI WKH UHTXLUHPHQWV RI WKH H[SHULPHQWDO WDVN ZDV WKDW WKH H[SHULPHQWHU FRXOG KHDU SDUWLFLSDQWV¶
RUDO UHSRUWV RI WKH SUREH OHWWHUV WKH\ REVHUYHG GXULQJ WKH WDVN 7KLV ZDV UHTXLUHG EHFDXVH WKH OHWWHUV
KDG WR EH HQWHUHG LQWR WKH H[SHULPHQW FRPSXWHU VR WKDW LW FRXOG SURYLGH UHDOWLPH UHZDUG IHHGEDFN RQ
HYHU\ WULDO +RZHYHU WKH VRXQG IURP WKH I05, VFDQQHU LH ³VFDQQHU QRLVH´ LV ORXG DQG W\SLFDOO\
SUHYHQWV H[SHULPHQWHUV IURP KHDULQJ SDUWLFLSDQWV VSHDN ZKLOH WKH VFDQQHU LV UXQQLQJ )XQFWLRQDO
05, VFDQV HFKR SODQDU LPDJLQJ XVH D UHSHWLWLYH VFDQQLQJ SURFHGXUH LQ WKLV VWXG\ LQ SDUWLFXODU
WKH UHSHDWHG VFDQQLQJ RFFXUUHG HYHU\ WZR VHFRQGV UHSHWLWLRQ WLPH 75   7KH VFDQQHU QRLVH
JHQHUDWHG RQ HDFK 75 LV QHDUO\ LGHQWLFDO WR WKH VRXQG JHQHUDWHG RQ WKH SUHYLRXV 75 8VLQJ WKLV IDFW
LW LV SRVVLEOH WR FDQFHO RXW VFDQQHU QRLVH LQ UHDOWLPH E\ UHFRUGLQJ WKH SUHYLRXV 75 SKDVHLQYHUWLQJ

LW DQG WKHQ VXSHULPSRVLQJ LW RQWR WKH FXUUHQW VRXQG 7KHVH RSHUDWLRQV HIIHFWLYHO\ VXEWUDFW RXW RU
³FDQFHO´ WKH VFDQQHU QRLVH IRU WKH H[SHULPHQWHU DQG DOORZ WKH H[SHULPHQWHU WR KHDU
% 0(7+2'
$ VLPSOHU DSSURDFK PLJKW KDYH EHHQ WR UHFRUG WKH VFDQQHU QRLVH IURP D VLQJOH 75 DQG XVH WKLV
DV D WHPSODWH WR FDQFHO RXW DOO RI WKH 75V GXULQJ DQ H[SHULPHQW +RZHYHU WKLV DSSURDFK LV QRW
VXFFHVVIXO EHFDXVH WKHUH DUH GLIIHUHQFHV LQ WKH VRXQG VLJQDO UHFHLYHG E\ WKH PLFURSKRQH GXH WR
PRPHQWWRPRPHQW YDULDWLRQV LQ WKH DFRXVWLF HQYLURQPHQW ZLWKLQ WKH VFDQQHU )RU H[DPSOH VOLJKW
ERG\ SRVWXUDO PRYHPHQWV RU KDQG PRYHPHQWV WKDW RFFXU GXULQJ WKH KDQGPRYHPHQW FRQGLWLRQ RI
WKH H[SHULPHQW FDXVH GLIIHUHQFHV LQ KRZ WKH VRXQG ZDYHV DUH UHIOHFWHG IURP WKH SDUWLFLSDQW DQG WKH
VFDQQHU FDYLW\ LQWR WKH PLFURSKRQH )RU WKLV UHDVRQ LW LV LQVXIILFLHQW WR VLPSO\ FDSWXUH D WHPSODWH
RI WKH VRXQG IURP RQH 75 DQG XVH LW WR FDQFHO RXW WKH VFDQQHU VRXQG IURP DOO VXEVHTXHQW 75V
$ PRUH VRSKLVWLFDWHG SURFHGXUH LQYROYHV XSGDWLQJ WKH WHPSODWH RQO\ ZKHQ WKH SUHYLRXV 75 KDV
FKDQJHV VLJQLILFDQWO\ +RZHYHU WKLV LV PRUH FRPSXWDWLRQDOO\ LQWHQVLYH WKDQ WKH DSSURDFK RI VLPSO\
FRQVLVWHQWO\ XVLQJ KH SUHYLRXV 75 WR FDQFHO RXW WKH FXUUHQW 75 EHFDXVH LW UHTXLUHV FRPSDULVRQ
RSHUDWLRQV EHWZHHQ WKH WHPSODWH DQG HDFK 75
7KXV WKH VLPSOHVW WHFKQRORJLFDO VROXWLRQ WR WKH ³VFDQQHU QRLVH´ SUREOHP LV WR FRQWLQXDOO\ LH
RQ HYHU\ 75 XSGDWH WKH WHPSODWH XVHG WR FDQFHO RXW WKH VRXQG LQ WKH VXEVHTXHQW 75 LQ UHDOWLPH
DV WKH H[SHULPHQWHU PRQLWRUV WKH SDUWLFLSDQW¶V UHSRUWV 7KH RQO\ XQGHVLUHG FRQVHTXHQFH RI WKLV
DSSURDFK LV WKDW D DGGLWLRQDO EXW SKDVHLQYHUWHG YHUVLRQ RI WKH SDUWLFLSDQW¶V UHVSRQVH LV UHSHDWHG
RQ WKH 75 DIWHU WKH UHVSRQVH ZDV PDGH 7KDW LV HDFK RUDO UHVSRQVH PDGH E\ WKH SDUWLFLSDQW LV
UHSHDWHG E\ WKH VRXQG FDQFHOODWLRQ V\VWHP RQ WKH VXEVHTXHQW 75
5HDOWLPH SURFHVVLQJ RI VRXQG LV HDVLO\ DFKLHYHG XVLQJ WKH SURJUDP FDOOHG &KXF. GHYHORSHG
DW 3ULQFHWRQ KWWSFKXFNFVSULQFHWRQHGX $Q H[DPSOH VFULSW IROORZV EHORZ 6RXQG IURP WKH
PLFURSKRQH LV IHG LQWR WKH FRPSXWHU¶V PLFURSKRQH LQSXW DQG WKH H[SHULPHQWHU ZHDUV KHDGSKRQHV




 ff BMp2`in/2HvnbQmM/X+F @@ `2HiBK2 b+MM2` MQBb2 +M+2HHiBQM
 ff 7Q` 7J_A T`/B;KbX
 ff q`Bii2M #v, Si`vF Gm`2Mi- lMBp2`bBiv Q7 SBiib#m`;?- kyyNX
 ff @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

 kyyyXy9k,,Kb 4= /m` /2HvG2M;i?c ff "b2/ QM /m`iBQM Q7 h_- 7BM2 imM2/ 7Q` +QKTmi2`X

 ff a2i mT BMTmi@QmiTmi +QTv i?`Qm;?  pB`imH v@THm;- M/  Ti? 7Q`  /2Hv2/ BMTmiX
 /+XH27i 4= :BM ?H7R 4= :BM vSHm; 4= /+c
 /+XH27i 4= :BM ?H7k 4= :BM T?b2AMp2`i2` 4= .2HvG /2Hv 4= vSHm;c
 yX8 4= ?H7RX;BMc
 yX8 4= ?H7kX;BMc
 RXy 4= vSHm;X;BMc

 ff a2i mT BMp2`i2/- /2Hv2/ +QTvX
 @R 4= T?b2AMp2`i2`X;BMc




 Ryy,,Kb 4= MQrc
 '
:H QRWHG WKDW WKH SUHFLVH WLPLQJ SHULRG RI WKH I05, VFDQQHU QRLVH YDULHG IURP GD\ WR GD\
3UHVXPDEO\ WKLV LV EHFDXVH RI WKH IDFWV WKDW  WKH QRLVH LV JHQHUDWHG E\ WKH PRYHPHQW RI SK\VLFDO
SDUWV DQG  WKHUH DUH VOLJKW YDULDWLRQV LQ WKH VFDQQHU HQYLURQPHQW IURP GD\WRGD\ HJ WHPSHU
DWXUH DQG KXPLGLW\ 7KXV LW ZDV QRWHG WKDW D 75 RI  VHFRQGV ZDV QRW FDQFHOOHG RXW H[DFWO\ E\ D
GHOD\ ORRS RI PV ,Q WKH FRGH H[DPSOH DERYH  PV ZDV WKH RSWLPDO GHOD\ IRU FDQFHO
LQJ VFDQQHU QRLVH RQ WKH PDMRULW\ RI WKH VFDQV $OVR LW LV SRVVLEOH WKDW WKH UHVROXWLRQ RU FDOLEUDWLRQ
RI WKH VRXQGFDQFHOLQJ FRPSXWHU¶V LQWHUQDO FORFN ZDV DQ LVVXH
,W LV WKHUHIRUH LGHDO WR WHVW WKH VRXQGFDQFHOLQJ VRIWZDUH SULRU WR GDWD FROOHFWLRQ )RUWXQDWHO\
WKH I05, H[SHULPHQW LQFOXGHG D SHULRG RI UHVWLQJVWDWH GDWD FROOHFWLRQ SULRU WR UXQV LQ ZKLFK RUDO
UHVSRQVHV QHHGHG WR EH FROOHFWHG 'XULQJ WKLV LQLWLDO UHVWLQJVWDWH GDWD FROOHFWLRQ SHULRG ZHUH DEOH
WR PHDVXUH WKH HIIHFWLYHQHVV RI WKH VFDQQHU QRLVH FDQFHODWLRQ DQG RSWLPL]H WKH GHOD\ &ULWLFDOO\
SDUWLFLSDQWV GLG QRW VSHDN GXULQJ WKLV SHULRG DQG WKLV DOORZHG XV WR TXDQWLI\ WKH DPRXQW RI VFDQQHU
QRLVH UHPDLQLQJ DIWHU WKH FDQFHODWLRQ RSHUDWLRQ IRU D YDULHW\ RI GHOD\ ORRS GXUDWLRQV :H WKHQ FKRVH




 ff hQ 2M#H2 b2`+?BM; 7Q` QTiBKH /2Hv HQQT H2M;i?- BMb2`i
 ff i?Bb +Q/2 i i?2 #2;BMMBM; Q7 i?2 *?m+E b+`BTiX
 ff @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
 bTQ`F  F22TAM+`2K2MiBM;.2HvM/S`BMiBM;_JaUVc
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 ff UB7 vQm /QM^i M22/ iQ miQKiB+HHv b2`+? 7Q` i?2 #2bi /2Hv-
 ff vQm +M B;MQ`2 i?Bb +Q/2XV
 ff *HH mbBM;, bTQ`F  F22TAM+`2K2MiBM;.2HvM/S`BMiBM;_JaUVc
 ff Uh?Bb HBM2 Bb #2HQr- `B;?i #Qp2 i?2 KBM T`Q;`K HQQTXV

 ff @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
 ff >2`2 r2 b2i mT i?2 MHvx2` bQ r2 +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bm`2 ?Qr Km+? bQmM/
 ff Bb MQi #2BM; +M+2HH2/ QmiX A7 Bi^b ?B;?- r2 b?QmH/ b2`+?
 ff 7Q`  #2ii2` /2HvX
 ff @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
 /+ 4= 66h 77i 4 _Ja `Kb 4= #H+F?QH2c
 Ryk9 4= 77iXbBx2c
 qBM/QrBM;X?MMURyk9V 4= 77iXrBM/Qrc
 ff @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
 ff h?Bb 7mM+iBQM Bb bi`i2/ mT #v i?2 ]bTQ`F] +QKKM/ #2HQr- M/
 ff BM+`2K2Mib i?2 /2Hv r?BH2 K2bm`BM; _Ja UiQiH bQmM/ 2M2`;vVX
 ff q2 rMi i?2 HQr2bi _Ja TQbbB#H2X
 ff @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
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 III ] ] ===c
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 k,,b2+QM/ 4= MQrc

 y 4= 7HQi bmKc
 7Q` Uy 4= BMi tc t I 9c tYYV
 &
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"HQ# #HQ#c
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KT 4= MQrc
 8yy,,Kb 4= MQrc
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 III ]p2`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% /,0,7$7,216
2QH SRWHQWLDO OLPLWDWLRQ RI WKLV WHFKQLTXH LQ I05, VFDQQLQJ VWXGLHV LV WKDW LW LV OLNHO\ OLPLWHG WR
YRZHOV RQO\ IRU WKH UHDVRQV VSHFLILHG DERYH , IRXQG WKDW XVLQJ YRZHOV GLG QRW FUHDWH H[WUHPH
DPRXQWV RI KHDG PRYHPHQW )XUWKHU WHVWLQJ LV UHTXLUHG WR GHWHUPLQH ZKHWKHU WKH XVH RI FRQVRQDQWV
LQ V\OODEOHV ZRXOG FDXVH WRR PXFK PRYHPHQW RU DUWLIDFW ,I PRUH WKDQ  RU  UHVSRQVHV DUH UHTXLUHG
H[SHULPHQWHUV PD\ ZLVK WR FRQVLGHU XVLQJ D ODUJHU VHW RI YRZHO VHTXHQFHV HJ ³D\R´ ³H\D´
HWF
$Q LPSRUWDQW OLPLWDWLRQ LV WKDW WKLV WHFKQLTXH FDQQRW EH XVHG WR FDQFHO RXW VFDQQHU QRLVH IRU
DQ H[SHULPHQW SDUWLFLSDQW ZLWKLQ WKH VFDQQHU 7KLV LV EHFDXVH WKH PLFURSKRQH WKDW IHHGV LQWR WKH
VRXQG FDQFHOODWLRQ DOJRULWKP LV ORFDWHG LQ D SRVLWLRQ WKDW LV GLIIHUHQW IURP WKH ORFDWLRQ RI HDFK RI
WKH SDUWLFLSDQW¶V KHDGSKRQHV DQG LW WKHUHIRUH LV FDQFHOLQJ RXW VRXQG WKDW LV GLIIHUHQW IURP WKH VRXQG
DUULYLQJ DW WKH SDUWLFLSDQW¶V OHIW DQG ULJKW HDUV ,Q RWKHU ZRUGV WKLV WHFKQLTXH RQO\ ZRUNV IRU WKH
H[SHULPHQWHU EHFDXVH WKH VRXQG EHLQJ FDQFHOOHG RXW DQG WKH GHVLUHG VRXQG DUH ERWK EHLQJ GHWHFWHG
E\ WKH VDPH PLFURSKRQH +RZHYHU SUHOLPLQDU\ H[SHULPHQWDWLRQ VXJJHVWV WKDW LI WKH PLFURSKRQH
LV SODFHG ZLWKLQ WKH HDU RI WKH SDUWLFLSDQW DQG DSSURSULDWH GHOD\ LV VHW WKH VRXQG FDQ EH HIIHFWLYHO\
FDQFHOHG
% )8785( ',5(&7,216
$ IXWXUH DSSOLFDWLRQ RI WKLV WHFKQLTXH LV WR FRPELQH LW ZLWK DXWRPDWLF WUDQVFULSWLRQ RI WKH ILQLWH
QXPEHU RI RUDO UHVSRQVHV 7KLV ZRXOG KHOS RYHUFRPH WKH FXUUHQW OLPLWDWLRQ WKDW WKH H[SHULPHQWHU
KDV WR DWWHQWLYHO\ OLVWHQ WR WKH VSHHFK UHSRUWV GXULQJ DOO SRUWLRQV RI WKH H[SHULPHQW GXULQJ ZKLFK
IHHGEDFN KDV WR EH JLYHQ EDFN WR WKH SDUWLFLSDQW WKDW LV GXULQJ WKH /($51 UXQV 2Q HYHU\ WULDO
WKH H[SHULPHQWHU PXVW HQWHU WKH OHWWHU RQ WKH NH\ERDUG WKDW FRUUHVSRQGV WR ZKDW WKH SDUWLFLSDQW
UHSRUWV WKH\ VDZ 7KH UHFRJQLWLRQ RI YRZHOV EDVHG RQ IRUPDW DQDO\VLV FDQ EH HDVLO\ DXWRPDWHG E\ D
FRPSXWHU DQG FRXOG EH GRQH LQ UHDO WLPH XVLQJ D QHXUDO QHWZRUN 7KXV D IXWXUH DSSOLFDWLRQ RI WKLV
WHFKQLTXH FRXOG DOORZ WKH RUDO UHVSRQVHV RI SDUWLFLSDQWV WR EH LQWHUSUHWHG GLUHFWO\ E\ WKH H[SHULPHQW

GLVSOD\ FRPSXWHU DQG WKHUHIRUH UHGXFH WKH QHHG IRU WKH H[SHULPHQWHU WR DWWHQG WR HDFK WULDO

REPETITIVE SCANNER NOISE
TOTAL MICROPHONE INPUT (NOISE + REPORTS)
PARTICIPANT’s ORAL REPORTS




)LJXUH % (FKR &DQFHOODWLRQ 7HFKQLTXH IRU 2UDO 5HSRUWV RI 3DUWLFLSDQWV GXULQJ DQ I05,
VFDQ 'XULQJ DQ (3, HFKRSODQDU LPDJLQJ VFDQ WKH VFDQQHU QRLVH UHSHDWV ZLWK D SHULRG RI 
VHFRQGV 6XSHULPSRVHG RQ WKLV UHSHWLWLYH VFDQQHU QRLVH DUH WKH PXFK TXLHWHU RUDO UHVSRQVHV RI WKH
H[SHULPHQW SDUWLFLSDQWV 7KH PLFURSKRQH WKXV GHWHFWV WKH FRPELQDWLRQ RI WKH VFDQQHU QRLVH DQG
WKH RUDO UHVSRQVHV (FKR FDQFHOODWLRQ LQYROYHV GLJLWDOO\ PDQLSXODWLQJ WKH UHDOWLPH DXGLR FDSWXUHG
E\ WKH PLFURSKRQH $ GHOD\ ORRS LV FUHDWHG ZKHUHE\ WKH SUHYLRXV  VHFRQGV WKH SHULRG RI WKH
75 VFDQQHU RI VRXQG DUH SKDVHLQYHUWHG DQG WKHQ DGGHG WR WKH OLYH DXGLR EHLQJ GHWHFWHG E\ WKH
PLFURSKRQH 7KH UHVXOW LV WKDW WKH VFDQQHU QRLVH LV FDQFHOOHG RXW H[FHSW IRU DW WKH EHJLQQLQJ RI
WKH VFDQ LH WKH ILUVW 75 LV LQHIIHFWLYHO\ FDQFHOHG RXW E\ WKH VLOHQFH WKDW SUHFHGHV WKH VFDQ $
FRQVHTXHQFH RI WKLV FDQFHODWLRQ WHFKQLTXH LV WKDW WKH SDUWLFLSDQWV¶ RUDO UHSRUWV DUH KHDUG WZLFH WKH
ILUVW WLPH LV LQ UHDO WLPH ZKHQ WKH\ YRFDOL]H WKHLU UHVSRQVH DQG WKH VHFRQG WLPH LV WKH SKDVHLQYHUWHG
GHOD\HG FRS\ RI WKH YRFDOL]DWLRQ 7KLV LV LOOXVWUDWHG LQ WKH ERWWRPPRVW SDQHO ZKHUH D FRS\ RI WKH
RUDO UHSRUW RFFXUV  VHFRQGV DIWHU WKLV ILUVW UHSRUW 'HSHQGLQJ RQ WKH H[SHULPHQW GHVLJQ WKLV FRXOG





7KLV DSSHQGL[ FKDSWHU FRQWDLQV D EULHI LOOXVWUDWLYH H[DPSOH RI GHFRQYROXWLRQ DQDO\VHV ZKLFK LV
DQ LPSRUWDQW WHFKQLTXH XVHG LQ WKLV GLVVHUWDWLRQ 'HFRQYROXWLRQ DQDO\VLV LV D JHQHUDOL]DWLRQ RI
PXOWLSOH UHJUHVVLRQ DQDO\VLV WKDW LV XVHG WR GHWHUPLQH WKH H[WHQW WR ZKLFK SDWWHUQV LQ WKH GDWD LH
YR[HO DFWLYDWLRQ RYHU WLPH FDQ EH H[SODLQHG E\ D VHW RI UHJUHVVRUV DUUDQJHG LQ D WHPSRUDO VHTXHQFH
8QOLNH VWDQGDUG PXOWLSOH UHJUHVVLRQ DSSURDFKHV LQ ZKLFK D VLQJOH OLQHDU UHJUHVVLRQ FRHIILFLHQW LV
VROYHG IRU HDFK WLPH VHULHV GHFRQYROXWLRQ DQDO\VLV FUHDWHV PXOWLSOH WLPHVKLIWHG OLQHDU UHJUHVVLRQ
FRHIILFLHQWV RQH IRU HDFK WLPH VWHS RI WKH H[SHFWHG UHVSRQVH
,Q VXFK FRQYHQWLRQDO DQDO\VHV D KHPRG\QDPLF UHVSRQVH IXQFWLRQ LV VHOHFWHG D SULRUL DQG XQ
GHU WKH DVVXPSWLRQV RI D JHQHUDO OLQHDU PRGHO LH OLQHDU DGGLWLYLW\ RI EROG UHVSRQVHV PXOWLSOH
UHJUHVVLRQ LV SHUIRUPHG WR GHWHUPLQH WKH H[WHQW WR ZKLFK HDFK HYHQW FDQ H[SODLQ FKDQJHV LQ WKH
REVHUYHG %2/' UHVSRQVH 7KLV DSSURDFK ZRUNV TXLWH ZHOO DQG KDV EHHQ XVHG H[WHQVLYHO\ LQ WKH
QHXURLPDJLQJ OLWHUDWXUH
'HFRQYROXWLRQ DQDO\VLV KDV D QXPEHU RI DGYDQWDJHV RYHU FRQYHQWLRQDO PXOWLSOH UHJUHVVLRQ
ZKHQ DQDO\]LQJ %2/' I05, GDWD %HFDXVH D VHSDUDWH FRHIILFLHQW LV FRPSXWHG IRU HDFK WLPHVWHS RI
WKH UHVSRQVH GHFRQYROXWLRQ DQDO\VLV GRHV QRW UHTXLUH DQ D SULRUL VSHFLILFDWLRQ RI D KHPRG\QDPLF
UHVSRQVH IXQFWLRQ VKDSH IRU HDFK HYHQW LQ WKH WLPH VHULHV 7KLV DSSURDFK LV SDUWLFXODUO\ DSSHDOLQJ
EHFDXVH IHZHU DVVXPSWLRQV JR LQWR WKH DQDO\VLV 2EYLDWLQJ WKH QHHG WR VSHFLI\ WKH KHPRG\QDPLF
UHVSRQVH IXQFWLRQ VKDSH LV HVSHFLDOO\ UHOHYDQW LQ WKH SUHVHQW VWXG\ EHFDXVH VWULDWDO %2/' UHVSRQVHV
PD\ YDU\ GHSHQGLQJ RQ WKHLU FDXVH DQG ORFDWLRQ 'HFRQYROXWLRQ DQDO\VLV DOVR KDV WKH DGYDQWDJH

WKDW WKH VLJQDO UHFRYHUHG IRU D SDUWLFXODU HYHQW LV RQO\ WKDW SURSRUWLRQ RI WKH VLJQDO ZKLFK FRXOG
QRW EH H[SODLQHG E\ DOO WKH RWKHU UHJUHVVRUV 7KDW LV DOO WKH RWKHU WLPH VHULHV DUH JLYHQ D FKDQFH WR
H[SODLQ WKH YDULDQFH LQ WKH VLJQDO EHIRUH WKH UHSRUWHG WLPH VHULHV
7KH ILUVW VWHS RI WKLV GHPRQVWUDWLRQ LV WR JHQHUDWH HYHQWV RI LQWHUHVW %HFDXVH WKH SXUSRVH RI
WKLV GHPRQVWUDWLRQ LV WR LOOXVWUDWH WKH XVHIXOQHVV RI WKLV DQDO\VLV IRU WKH H[SHULPHQW GHVFULEHG LQ
WKH GLVVHUWDWLRQ WKH HYHQWV ZLOO UHVHPEOH WKH HYHQWV GXULQJ WKH H[SHULPHQW )LUVW WKHUH ZLOO EH D
VHTXHQFH RI µFRQWURO¶ PRYHPHQW WULDOV ZLWKRXW UHLQIRUFHPHQW DOO ZLWK PDJQLWXGH  7KHQ WKHUH
ZLOO EH D VLPLODU VHTXHQFH RI PRYHPHQW HYHQWV HDFK RI ZKLFK LV IROORZHG ± ZLWK D IL[HG GHOD\ RI
 WLPHVWHS ± E\ D UHZDUG HYHQW RI YDU\LQJ PDJQLWXGH $OWKRXJK WKHUH LV MLWWHU EHWZHHQ WULDOV WKHUH
LV QR MLWWHU ZLWKLQ D WULDO &RGH IRU JHQHUDWLQJ WKLV NLQG RI HYHQW VHTXHQFH LV SURYLGHG KHUH
 BKTQ`i DpXmiBHX c
 BKTQ`i DpXBQX c

 Tm#HB+ +Hbb :2M2`i2aiBKb
 &
 Tm#HB+ biiB+ pQB/ KBMUai`BM; `;b()V i?`Qrb 1t+2TiBQM
 &
 _M/QK `M/ 4 M2r _M/QKURkj98Vc
 S`BMiq`Bi2` K 4 M2r S`BMiq`Bi2`UM2r "m772`2/q`Bi2`UM2r 6BH2q`Bi2`U]KQp2K2MiXiti]VVVc
 S`BMiq`Bi2` ` 4 M2r S`BMiq`Bi2`UM2r "m772`2/q`Bi2`UM2r 6BH2q`Bi2`U]`2r`/Xiti]VVVc

 BMi i`BHb"27Q`2_2r`/b 4 M2r AMi2;2`U`;b(y)Vc
 BMi i`BHbqBi?_2r`/b 4 M2r AMi2;2`U`;b(R)Vc
 avbi2KXQmiXT`BMiHMU]i`BHb"27Q`2_2r`/b 4 ] Y i`BHb"27Q`2_2r`/bVc
 avbi2KXQmiXT`BMiHMU]i`BHbqBi?_2r`/b 4 ] Y i`BHbqBi?_2r`/bVc
 /Qm#H2 KtCBii2` 4 jXy/c






 BMi DBii2` 4 UBMiV UKtCBii2`  `M/XM2ti.Qm#H2UVVc
 7Q` UBMi D 4 yc D I DBii2`c DYYV & KXT`BMiHMUyVc `XT`BMiHMUyVc '
 '
 7Q` UBMi B 4 yc B I i`BHbqBi?_2r`/bc BYYV
 &




 BMi DBii2` 4 UBMiV UKtCBii2`  `M/XM2ti.Qm#H2UVVc





5XQQLQJ WKLV FRGH RXWSXWV HYHQW QXPEHUV LQWR WKH µPRYHPHQW¶ DQG µUHZDUG¶ UHJUHVVRU ILOHV (YHQWV
IURP RQH VXFK UXQ DUH SORWWHG LQ 3DQHO  RI )LJXUH & ,Q WKDW ILJXUH WKH µPRYHPHQW¶ VLJQDOV DUH

WKH IXOOKHLJKW EOXH EDUV WKURXJKRXW WKH VLPXODWHG H[SHULPHQW GDWD 7KH µUHZDUG¶ VLJQDOV DUH WKH
YDULDEOH KHLJKW UHG EDUV LQWHUVSHUVHG ZLWK WKH EOXH EDUV GXULQJ WKH ODWWHU KDOI RI WKH VLPXODWHG H[
SHULPHQW GDWD 7KH QH[W VWHS LQ WKLV GHPRQVWUDWLRQ LV WR JHQHUDWH D KHPRG\QDPLF UHVSRQVH IXQFWLRQ
WKDW ZLOO EH XVH WR VLPXODWH WKH FRQWLQXRXV %2/' UHVSRQVH LQ D YR[HO DULVLQJ IURP WKH HYHQWV RI
LQWHUHVW 1RWH WKDW RQH FRXOG DOVR JHQHUDWH WZR VHSDUDWH %2/' UHVSRQVHV RI GLIIHUHQW VKDSH IRU
HDFK HYHQW W\SH 1RWH WKDW LQ JHQHUDO GLIIHUHQFHV LQ VKDSHV RI WKH WZR UHVSRQVHV ZRXOG PDNH WKHP
PRUH HDV\ WR GHFRQYROYH
 rp2` @qo @/2HviBK2 y @`Bb2iBK2 k @7HHiBK2 N @mM/2`b?QQi yXk @`2biQ`2iBK2 R @T2F Ryy @/i R = rp2`XR.
7KH KHPRG\QDPLF UHVSRQVH IXQFWLRQ LV SORWWHG LQ SDQHO  RI )LJXUH & 1RZ WKH PRYHPHQW DQG
UHZDUG HYHQWV FDQ EH FRQYROYHG ZLWK WKLV KHPRG\QDPLF UHVSRQVH IXQFWLRQ WR \LHOG D VLPXODWHG
%2/' UHVSRQVH IRU DQ LPDJLQDU\ YR[HO
 j/*QMpQHp2 @TQHQ`i j $
 @#b2n7BH2 #b2Xiti $
 @M7B`bi y $
 @MHbi <+i KQp2K2MiXiti % r+ @H % bm#R< $
 @MmKnbiBKib k $
 @BMTmiR. $
 @biBKn7BH2 R KQp2K2MiXiti $
 @biBKnKBMH; R k $
 @biBKnKtH; R R9 $
 @biBKn7BH2 k `2r`/Xiti $
 @biBKnKBMH; k k $
 @biBKnKtH; k R9 $
 @B`2bT R rp2`XR. $
 @B`2bT k rp2`XR. $
 @QmiTmi +QMpQHp2/
7KH VLPXODWHG KHPRG\QDPLF UHVSRQVH FRQWDLQLQJ WKH VXSHUSRVLWLRQ RI PRYHPHQW DQG UHZDUG DF
WLYLWLHV LV SORWWHG LQ 3DQHO  RI )LJXUH &
 j/.2+QMpQHp2 @TQHQ`i j $
 @MmKnbiBKib k $
 @BMTmiR. +QMpQHp2/XR. $
 @biBKn7BH2 R KQp2K2MiXiti $
 @biBKnKBMH; R y $
 @biBKnKtH; R ky $
 @biBKnH#2H R ^KQp2K2Mi^ $
 @biBKn7BH2 k `2r`/Xiti $
 @biBKnKBMH; k y $
 @biBKnKtH; k ky $
 @biBKnH#2H k ^`2r`/^ $
 @B`2bT R KQp2K2MiXB`7 $
 @B`2bT k `2r`/XB`7 $
 @;HibvK ^auJ, YKQp2K2Mi^ @;HinH#2H R ^KQp;Hi^ $
 @;HibvK ^auJ, Y`2r`/^ @;HinH#2H k ^`2r;Hi^ $
 @#m+F2i /2+QMpQHp2/





(1) Movement and Reward Stimuli




(2) Simulated Hemodynamic Response Function




(3) Convolution of (1) and (2)




(4) Deconvolved Movement Impulse Response Function




(5) Deconvolved Reward Impulse Response Function
)LJXUH & ,OOXVWUDWLRQ RI 'HFRQYROXWLRQ $QDO\VLV  6HTXHQFH RI (YHQWV 7KH EOXH EDUV UHS
UHVHQW ELQDU\ PRYHPHQW HYHQWV 7KH UHG EDUV UHSUHVHQW FRQWLQXRXVO\YDOXHG VFDODU UHZDUG 7KH
UHZDUGV DUH SURYLGHG DW D IL[HG GHOD\ DIWHU PRYHPHQWV  $ VLPXODWHG KHPRG\QDPLF UHVSRQVH
IXQFWLRQ WKDW ZLOO EH FRQYROYHG ZLWK WKH HYHQWV VKRZQ LQ  WR JHQHUDWH D VLPXODWHG %2/' WLPH
FRXUVH IRU DQ LPDJLQDU\ YR[HO  7KH UHVXOWV RI FRQYROYLQJ WKH HYHQWV ZLWK WKH KHPRG\QDPLF
UHVSRQVH IXQFWLRQ 1RWH WKDW WKH RULJLQDO VKDSH RI WKH KHPRG\QDPLF UHVSRQVH IXQFWLRQ LV QRW GLV
FHUQDEOH LQ WKLV VLJQDO  7KH UHFRYHUHG KHPRG\QDPLF UHVSRQVH IXQFWLRQ VKDSHV IRU WKH PRYH
PHQW DQG UHZDUG HYHQWV WKDQNV WR GHFRQYROXWLRQ DQDO\VLV
'HVSLWH LWV DGYDQWDJHV WKHUH DUH VHYHUDO SRWHQWLDO GLVDGYDQWDJHV RI XVLQJ GHFRQYROXWLRQ DQDO
\VLV 2QH SRWHQWLDO GLVDGYDQWDJH LV WKDW DFKLHYLQJ VLJQLILFDQW PLJKW UHTXLUH PRUH VWDWLVWLFDO SRZHU

EHFDXVH LW GLYLGHV WKH GDWD SRLQWV DPRQJ PXOWLSOH FRHIILFLHQWV +RZHYHU WKH IDFW WKDW WKHUH LV D
ODUJH TXDQWLW\ RI GDWD SURYLGHG IRU HDFK WLPH SRLQW PDNHV WKLV QRW D PDMRU FRQFHUQ )XUWKHU WKH LQ
FUHDVH LQ SRZHU WKURXJK D EHWWHU ILW RI WKH WUXH XQGHUO\LQJ GDWD PD\ RIIVHW WKH SRVVLEOH ORVV LQ SRZHU
WKURXJK WKH QHHG WR ILW DGGLWLRQDO FRHIILFLHQWV $QRWKHU SRWHQWLDO GLVDGYDQWDJH RI XVLQJ GHFRQYROX
WLRQ LV WKDW WKH FRHIILFLHQWV LQ D SDUWLFXODU WLPH ZLQGRZ PD\ EH HLWKHU SRVLWLYH DQG QHJDWLYH 7KLV
PD\ FDXVH D SUREOHP EHFDXVH JURXSOHYHO VWDWLVWLFV DUH XVXDOO\ EDVHG RQ WKH VXP RI WKH FRHIILFLHQWV
ZLWKLQ D WLPH ZLQGRZ VXUURXQGLQJ WKH HYHQW RI LQWHUHVW DQG QHJDWLYH FRHIILFLHQWV FDQ FDQFHO RXW
SRVLWLYH FRHIILFLHQWV 7KXV DWWHQWLRQ PXVW EH SDLG WR WKH WLPH ZLQGRZ RYHU ZKLFK VXPPDWLRQ LV
PDGH *HQHUDOO\ VXPPDWLRQ VKRXOG EH OLPLWHG WR WKH WLPH SHULRG RYHU ZKLFK WKH KHPRG\QDPLF UH
VSRQVH LV H[SHFWHG WR RFFXU $OWHUQDWLYHO\ RQH ZD\ WR RYHUFRPH WKLV GLIILFXOW\ FRXOG EH WR VXPPDWH
DEVROXWH YDOXHV RI WKH FRHIILFLHQWV UDWKHU WKDQ UDZ YDOXHV
'HFRQYROXWLRQ DQDO\VLV WKHUHIRUH LV D XVHIXO WRRO DQG LPSRUWDQW WRRO IRU WKH DQDO\VLV RI %2/'
I05, GDWD ,W LV SDUWLFXODUO\ DWWUDFWLYH LQ WKDW LW PDNHV IHZ DVVXPSWLRQV DERXW WKH VKDSH RI WKH XQGHU
O\LQJ KHPRG\QDPLF UHVSRQVH DQG WKXV LV ZHOOVXLWHG IRU VWXGLHV LQ VXEFRUWLFDO UHJLRQV +RZHYHU
LWV XVH UHTXLUHV FDUH DQG H[SORUDWLRQ EHFDXVH RI WKH LVVXHV KLJKOLJKWHG DERYH

